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PREFACE

Because of the scope of this report, it was prepared in three separate

volumes. The Narrative is contained in Volume I, Volume II summarizes the

data in tabular form, and Volume III contains the supplemental information on

disease and physiology relating to the juvenile salmonids used in the study.



CONTENTS

Study of disease and physiology in the 1978 homing study hatchery stocks.

Study of disease and physiology in the 1979 homing study hatchery stocks.

Study of disease and physiology in the 1980 homing study hatchery stocks.



INTRODUCTION

The reports presented in this volume are designed to be used in

conjunction with Volume I which contains the narrative report.
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INTRODUCTION

The main functions of the National Marine Fisheries Service (NMFS)

Aquaculture Task biologists and contractual scientists involved in the 1978

homing studies were primarily a surveillance of fish physiology, disease,

and relative survival during culture in marine net-pens, to determine if

there were any unusual factors that might effect imprinting and homing

behavior. The studies were conducted with little background knowledge of

the implications of disease and physiology on imprinting and homing in

salmonids. Hatcheries and stocks sampled are listed in Table 1.

The data collected from random samples were as follows:

I. PHYSIOLOGY.

A. Gill Na+-K+ ATPase activities were measured at the time of release,

with the exception of the Willard Hatchery coho salmon and Tucannon Hatchery

steelhead, where freshwater Na+-K+ ATPase profiles were conducted throughout

the spring. Abnormally low values could be indications that the fish were

either in pre-- or post-smolt condition, or had been stressed in some way.

B. Plasma electrolytes. Low values of Na or Cl could indicate immediate

problems of osmoregulation when the fish were introduced to seawater; high values may

indicate some dehydration due to stress. Increases in K levels can sometimes

indicate nitrogen supersaturation stresses.

C. Hematocrits and hemoglobins. Values below or above normal can

indicate possible conditions of anemia or dehydration, or reflect nutritional

status, disease conditions, or both.
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TABLE 1.--Hatcheries and stocks sampled in the 1978 homing studies,

Date Date of Date of
Pathology arrived at viral blood Date transferred ATPase

Hatchery Species tag nos. Manchester assay sampling to seawater pens profile
_F-_---_--.

Carson Coho 4401-4460 4/25/78 4/25/78 4126178 4/27/78 No

Willard Coho 4661-4700

4351-4370
61 8178 6/12/78 6112178 6/10/78 Yes

Kooskia Spring 4001-4060 4125178 4/25/78 4125178 4/27/78 No
chinook

Dworshak Steelhead 4061-4120 4/25/78 4/26/78 4126178 4/27/78 No

Leavenworth Steelhead 3901-3960 5/ 2/78 51 3178 5/ 4178 51 4178 No
(Chelan)

Winthrop

(Wells)

Steelhead 4501-4560 51 2/78 51 5178 51 9178 5/ 4/78 No

Tucannon Steelhead 4601-4660 5/15/78 5/16/78 5/17/78 5/17/78 Yes



II. DISEASES.

A. Incidences of diseases based on hatchery records describing the

culture and treatment of fish.

B. Random sampling of hatchery populations to determine:

1. The extent of latent bacterial kidney disease (BKD) as determined by

indirect flourescent antibody techniques,

2. The presence (or absence) of certain pathogenic viruses.

3. A determination of significant lesions, abnormalities, or pathology

in gill, eye, liver, and kidney tissue.

The presence and extent of the above disease organisms or lesions may have a

detrimental effect upon the physiological mechanisms involved in imprinting and

homing behavior.

III. SURVIVAL DURING CULTURE IN SEA-PENS.

A. Periodic assessment of survival and growth.

B. Necropsy of mortalities.

C. Assessment of the major causes of mortality.

Culturing subsamples of these hatchery test groups in net-pens in seawater

is an artifical situation and is recognized as such. Lower survival may not be

indicative of what is occurring in nature, as: (1) the fish are transferred

directly from fresh to 30°/oo seawater without conditioning in estuarine water

{as presumably might be the case in nature); (2) they are fed an artificial

diet; and (3) they are contained in net-pens and stressed by frequent (monthly)

measurement activities.
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Nevertheless, one can assume that if the survival in the net-pens was

high, the fish should be able to withstand the normal transition rigors in

the wild, and that the tests may be a relative measure of seawater adaptability

between treatments or stocks.

METHODS AND MATERIALS

VIRAL ASSAYS

Liver, spleen, and kidney were sampled from 60 fish in each test group,

pooled in 12 tubes of 5 fish each, and screened by a private laboratory

(Rangen Research Laboratories) for viruses, See Appendix A.

HISTOPATHOLOGY

Sixty individually numbered fish of each test group in the homing study

were preserved in successive fixatives and shipped to a private laboratory.

Gill, liver, eye, and kidney tissues were sectioned and examined for any

lesions, pathology, or abnormalities by a veterinary pathologist. See

Appendix B.

EARLY LIFE HISTORY

Wherever possible, pertinent data concerning the culture and treatment of

the hatchery groups were collected from the hatchery managers. These data are

presented in Table 2.

SAMPLING

The sampling of fish from the hatchery stocks for health profiles was

based on a combination of statistics and economics. The random sample of 60

fish from populations ranging as high as 100,000 or more was based on the work

of Ossiander and Wedemeyer (1973). A single disease incidence of 5% or

7



TABLE 2.--Available desease and life history data o f  the homing study hatchery Juveniles.

Hatchery Stock IIAgency
Date Date

Species .a.@ wk. wnded

Tucmnon SkmA” L.

Worshak D*orsh.k

Ch*l.” Chela”
(Lcawworth)

Y.11. U9llS
(Ylnthrop)

Kooskla Krroskl.

Clrlon C.r.c.n usws Coho

“ill.rd Willard “SWS Cdl0

YDC S”mwr
Stc.lhend

ustus
Ylx

Steelhead

Sullacr
St.elbe.d

km0 Sr..lh..d

Sprina
Chinook

1916 March tw ____ 31-70 ‘3.0 1.2
1976 Cl.rk’”

Sil”*r  cup

----

1976

_--- CUP River 40-60 - - - - 8.0

_--- Cl.rk’m S.lurn - - - - SO-58 31.5 1.0
Chrk’. Trour

Silver  cup  Sa1c.m
Silver  cup ‘Irout

OIIP

1977 1911 OHP UC11 50 28.0 5.5
Clark’s and

Silver cup aivtr

---- ---- ow Yell
Abernathy .nd

dry a1v.r

32-60 - - - - 17.0

---- 1977 UWP
hbmrnathy

dry

Y*ll I& - - - - -_--

1976 1971 ar we11
and

Il*v.r

‘4 16.0 21.6

April *prll  I5

June a June  a

F”runcu*a.is

cw
BKD

~“r”nculo.i*- --

n.ly  I5 by IS

April  25

my 3

April  25

bY 1

April 25 April 25

COItia.1‘ ma,.rtl*te g.‘CC”
rungus FOrMI L”
BC” Sulfa,

co1umn.ris TM-50  (d,ilv;  last 2 reeks
tc,,thyo~hrh,r,W  (h”*. 1919) Prior  tO rcl.as.)

e.tcms1 par.e*tc.

“,t.min  C deficiency
ExrermL p~rsslres

“nldcntif‘ed .ystea‘c  infection
BCD

awl
Ichthyophrhirlus

PonAlln

TM-50
su,met

- - - -

Fomalt”

l-f- 50
Roccol

m-50

y WC - Vuhln~ron  Drp.rre.ent o f  Cane, US%5 - Untred State, Fish and Yl,dllte  Scrvlce. 21 CUP - OreSon Ho,~r Pellet.

21 acll - bacrerlal all1  disrate.  IKD - bacrarlal  kidney dimeme. WD - cold water dImease. il ~~-50 - mytotrncyEl~ne  (d$.tery).



greater can be detected, provided the detection method is accurate. Subsamples

of at least 60 fish were taken at the hatchery, or were drawn from the

transported population for the health survey and held in circular tanks with

running Beaver Creek water at ambient creek temperatures. When the average

fish size was small, two subsamples of 60 fish each were required to provide

sufficient material (blood and tissue) for the analyses. In most cases, the

tissue and blood samples were collected within 24 hours after arrival at

Manchester. However, some stocks were held as long as 6 days prior to

processing. The fish from some of the hatcheries (primarily fall chinook

salmon) were small. To obtain the required volumes of blood and

tissue samples,we  discarded any undersized fish, but still maintained a 60

fish sample size.

The fish subsampled for viral assays were individually weighed and

measured. Fish that were subsampled for hematology and BKD were measured,

but not weighed. Homing study fish preserved for histological sectioning

were identified by numbered tags. Collected data on all parameters are

available on an individual fish basis.

BLOOD SAMPLE COLLECTION

The fish were lightly anesthetized in aerated 1:20,000 MS-222 solutions.

In most cases, blood was sampled from the caudal arch via 1 cc heparinized

syringe and 25 gauge hypodermic needle. Small fish were bled by severing

the caudal peduncle and collecting the blood in heparinized capillary tubes.

Whole blood smears were collected on microscope slides, labelled, air

dried, fixed and stained in Diff-Quick," oven dried overnight at 45'C, and

permanently mounted for future reference. The final data for hematocrits and

hemoglobins were frequently based on sample sizes of less than 63 due to

capillary tube breakage.

1/ Reference to trade names does not imply endorsement by National Marine
Fisheries Service, NOAA.

9



HEMATOCRITS

Blood samples taken for hematocrits (packed cell volume) were centrifuged

in microhematocrit tubes for 3 minutes in a Clay-Adams Autocrit II (Snieszko  1960).

HEMOGLCBINS

Blood samples for hemoglobin determination were either read directly

with an A-O hemoglobinometer or collected in 20ul capillary tubes to determine

hemoglobin concentration by the colorimetric method described by Bauer (1970).

SAMPLING FOR LATENT BACTERIAL KIDNEY DISEASE (BKD)

The sensitive and highly specific indirect flourescent antibody technique

(IFAT) was used to diagnose latent BKD in hatchery populations.

The individually indentified fish were opened ventrally and the kidney

exposed. Thin smears of anterior and posterior kidney tissue were made on

multi-spot slides after piercing the kidney with a sterile inoculation loop.

The slides were air-dried and fixed in reagent grade acetone for 10 minutes.

The acetone fixed slides were stored at -2O'C until they were examined. Prior

to the sampling season, 40 positive control slides were prepared in the same

manner and stored at -2O'C. The control slides were prepared from a clean

kidney lesion from a spring chinook salmon from Carson National Hatchery that

was tested and confirmed to have high numbers of pure BKD organisms.

The IFAT for BKD was originally described by Bullock and Stuckey (1975)

and later modified by G. W. Camenisch of the U.S. Fish and Wildlife Service

(FWS), Eastern Fish Disease Laboratory (See Appendix C for the complete

procedure).
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Basically this diagnostic procedure employs the following steps:

1. Application of specific BKD rabbit antisera to the unknown smear

of kidney material.

2. Application of goat anti-rabbit IgG flourescein conjugate to the

unknown smear. The specific antibody in the first antisera application will

attach to any BKD organisms present in the unknown kidney smear. The second

antisera application will then attach to the rabbit antibody (IgG), and the

fluorescein serves as a label for the BKD organisms when exposed to flourescent

microscopy.

3. The control slide was scanned first to insure that all procedures

went normally, and the intensity of flourescence in the BKD control was

subjectively noted. Only those organisms that were recognized as having the

typical FA-BKD appearance were counted as positive. Any suspect organisms

or probable debris were passed over as artifacts. Counts of the number of

BKD organisms encountered in the first 150 microscope fields (mfs) were

recorded. Samples were counted as positive if only one BKD organism was

found. Both anterior and posterior kidney were examined and only those fish

that had both kidney samples free of BKD organisms were classed as "negative".

NECROPSIES

All of the mortalities in the saltwater pens were collected daily. Each

fish was opened asceptically from the vent; external and internal lesions

were noted and the procedures for culturing vibriosis and other gram negative

bacteria (Novotny, Harrell, and Nyegaard 1975) were followed.

11



The postmortems were classified as follows:

1. negative (cause not determined).

2. BKD (from lesions).

3. Vibrio anguillarum:: serotypes 775, 1669, or 7244.

4. Vibrio sp.

5. ERM (enteric redmouth)

6. Furunculosis

7. Aeromonas hydrophilia (ex liquefaciens)

12
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GILL NA+-K+ ATPASE

Since the phenomenon of elevation in gill sodium, potassium stimulated

ATPase (Na+-K+ ATPase) activity was first reported to be associated with parr

smolt transformation in coho salmon, 0. kisutch, (Xaugg and McLain 1970)

numerous experiments have been conducted to verify these results and extend

observations to other species. As a result, it has been conclusively shown

that the rise in gill Na+ '-K ATPase activity is one of the many physiological

changes which occur at the time salmonids demonstrate migratory behavior

and an increased ability to tolerate seawater.

COLLECTION AND STORAGE OF GILL FILAMENTS

During 1978, selected stocks of coho and chinook salmon, 0. tshawytscha,

and steelhead, Salmo gairdneri, being reared for release at state and federal

hatcheries in the Columbia River drainage were monitored for changes in gill

Na+-K+ ATPase activities in an attempt to evaluate the state of smoltification

at release.

In addition, where possible through tag identification, the relationship

was determined between state of smoltificatin at release and length of

migration time from the hatchery to the estuary.

At approximately 2-week intervals during the spring and summer of 1978,

30 fish were removed by dip net from representative ponds or raceways at

Willard and Tucannon Hatcheries. Carson, Winthrop (Wells), Leavenworth

(Chelan), Kooskia, and Dworshak Hatcheries were sampled only at release. The

fish were grouped into ten groups of three fish each (approximately according

to size) and they were killed by a blow on the head. After fork lengths and

weights were determined, tails were servered to allow bleeding and approximately

equal quantities of gill filaments were removed from the gill arches of each



of the three fish in the group (total weight of gill filaments-0.1 to

0.2 g) and placed into a vial to which was then added 1 ml of a solution

(labeled SEI) containing 0.3M sucrose, 0.2M Na2 EDTA, and 0.1M imidazole,

pH 7.0. The samples of filaments in DEI were kept cold (on ice) until all

30 fish had been processed, at which time they were frozen on dry ice. The

samples were later transferred to a freezer at -23'C where they were stored

until processed for ATPase activities (stable up to at least 6 weeks).

The analytical procedure for measuring ATPase activity is presented in

Appendix D.

THE LIFE HISTORY OF HATCHERY JUVENILES

Husbandry techniques, disease, and environmental history may have

deleterious effects on fish health and smolt quality (Wedemeyer, et al.

1979, Folmar and Dickhoff 1979). Many chemotherapeutic compounds used in

the treatment of parasitic and bacterial diseases of fish may affect

smoltif ication (Lorz and McPherson 1976). Subclinical infections may be

exacerbated by the stress of saltwater entry.

The information (Table 2) was obtained from hatchery management and is

self-explanatory. Where information was not obtained, the entries have

been left blank.

I. STEELHEAD

A. GILL ENZYME ANALYSES

1. TUCANNON HATCHERY (PATHOLOGY SAMPLE NUMBERS 4601-4660).

Summer run steelhead from the Tucannon Hatchery (Pond 1) showed

increases in Na+-I? ATPase activities through 8 May (Figure 1).

Although the average activities dropped somewhat on 22 M a y and 5 June,

.
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FIGURE 1. Gill Na+ -K+ ATPase enzyme activity in Tucannon steelhead sampled

at the hatchery. Enzyme activity was measured at approximately 2-week intervals

from meid-March through early June. The data shown for each sampling period are

the mean and variance of 10 analyses from 30 fish (pooled- 3 fish /analysis).
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the majority of these fish had elevated values. A few had either not smolted

or had reverted early, having activities in the 6 to 7 range, resulting in a

depression of the average activity. This group of fish (coded tag, W-O-Y-R)

was released below Bonneville Dam on 17 May, slightly after the peak of the

gill Na+-K+ ATPase activity and moved rapidly through a recapture area in

the Columbia River estuary at Jones Beach where tagged fish were caught only

from 20 May to 2 June (Figure 1). Although the activity was declining at

release, the activity of fish transferred to seawater increased (Table 3).

Fish held at the hatchery and sampled on 22 May just after release of the

main group averaged 19.5 cm fork length and weighed 65.9 g.

These fish were all sampled by anesthetizing with MS-222, clipping the

necessary amount of filament from one or two gill arches, then returning the

fish to the pond. Only about 10% of the 210 animals tested failed to survive.

2. DWORSHAK HATCHERY (PATHOLOGY SAMPLE NUMBERS 4061- 4120)

Steelhead were sampled once at Dworshak National Fish Hatchery on 24

April from pond 42, System II, and generally appeared to be parr. The average

gill Na+-K+ ATPase activity was 5.0 + 1.1,- ranging from 3.5 to 7.2. Only one

group of 3 fish out of the 10 groups on which the enzyme activity was determined

had a high enough value (7.2) to suggest even initial stages of smolt

transformation. Lack of physical and biological signs of smoltification

undoubtedly due to water temperature which had been ranging from 13' to

were

15Oc,

and the upper limit which will permit smolting in steelhead is about 12'C

(Zaugg, et al. 1972). The post-seawater Na+-K+ ATPase activity increased

dramatically (Table 3).

1 6
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.tr.lhead
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kf

130-170 111-15s 1.4-6.0



T;SLE 3 . - -Continued.

S e a w a t e r  s u r v i v a l  ( i n  n e t - p e n s ) C a u s e s  o f  m o r t a l i t y  during  s e a w a t e r  c u l t u r e

%
SUWiVdl S u r v i v a l S u r v i v a l  t o N e g a t i v e  f o r AeromorAs

N (X) 30 day (X) as of N termination pathogenic  % Vibrio ERY  Furunculosis  hydrophila

Stock and species ( s t a r t )  post e n t r y  9-24-78 ( e n d )  ( O c t o b e r - 1 9 7 8 ) b a c t e r i a  (%) BKD (Z) (Z) (Z) (7:)

Dxorshak 178 46.4 10.8 7 3.9 73.4 0 15.6 7 . 8 3.1 0
steelhead

Leavenvorch- 180 80.0 20.0 28 15.6 44.9 0 55.1 0 0 0
Chelan steelhead

Winthrop-Wells

steelhead

179 10.5 0 4 2.2 2.0** 0 1.3 0 0 0.7

Tucannon

steelhead

330 85.8 44.5 120 36.4 30.5 0 69.5 0 0 0

KOOS;:id

s p r i n g  c h i n o o k

180 98.8 50.0 66 36.7 36.8 10.5 42.1 5.3 5.3 0

Killard  c o h o  I 300 95.0 36.7 103 34.3 19.4 5.6 75.0 0 0 0

Willard coho II 300 96.0 46.3 124 41.3 51.4 2.9 45.7, 0 0 0

!:illard c o h o  I I I 300 97.0 43.3 118 39.3 34.2 7.9 57.9  0 0 0

Carson coho 180 98.2 88.0 83 46.1 52.4 4.8 42.9 0 0 0

**96X were classed aa osnoreguletory  stress.



3. CHELAN HATCHERY (TRANSFERRED TO LEAVENWORTH HATCHERY) (PATHOLOGY

NUMBERS 3901-3960).

Chelan Hatchery steelhead sampled at Leavenworth Hatchery on 3 May gave

and average gill Na+-K+ ATPase activity of 7.5 + 1.8, with values ranging from

4.2 to 11.1. Without having previous samples, it is difficult to determine the

degree of smoltification from ATPase activities. However, values of 4 to 6

(3 groups) probably reflected little or no smolting. Values of 7 and 8 (6 groups)

may have indicated some degree of transformation, while one group with 11 may

have been completely transformed. General appearance suggested that most fish

were in a transitional state. Average fork length was 21.0 cm and weight 79.4 g.

4. WELLS HATCHERY (TRANSFERRED TO WINTHROP HATCHERY) STEELHEAD

(PATHOLOGY NUMBERS 4501-4560).

Na+-K+ ATPase activities were determined on representative samples of

Wells Hatchery steelhead, sampled at Winthrop Hatchery on 3 May. These fish had an

average gill Na+-K+ ATPase activity of 17.0 + 5.1,- with values ranging from 11.6

to 26.6. The sampled fish averaged 22.5 cm fork length and weighed 102.2 g and were

judged to be in a good smolted condition. However, this was the only group of

fish sampled in which the gill Na
+ +
-K ATPase value declined significantly after

transfer to seawater.

B. PLASMA ELECTROLYTES.

Sodium, potassium, and chlor.ide ion levels in plasma were determined for

fish near the time of release. This may be the first collected data on plasma

electrolyte levels for steelhead; the published literature contains data for

rainbow trout only.
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A compilation of data on rainbow trout by Miles and Smith (1968) suggests

expected values (in fresh water) of 130-170 meq (milliequivalents) /l for Na;

1.4-6.0 meq/l for K; and 115-155 meq/l for Cl. Hickman, et al. (1964) reported

plasma Na ranges of 152-172 meq/l; Cl ranges of 111 to 145 meq/l; and K ranges

of 3.5 to 4.2 meq/l at temperatures of 6 and 16'C.

Combining these reported ranges, we could expect the following ranges to

be normal or near normal: Na+ 130 to 172 meq/l; Cl- 111 to 155 meq/l; and

K+ 1.4 to 6.0 meq/l.

1. TUCANNON HATCHERY.

The summary data for plasma electrolytes for the homing stocks are listed

in Table 3. The mean values for Na, K, and Cl of the Tucannon steelhead fall

within the expected ranges for rainbow trout. However, 43.3% of the Tucannon

Hatchery samples were below the minimum range reported for K in rainbow trout.

2. DWORSHAK HATCHERY.

The mean plasma Na values for Dworshak Hatchery steelhead (Table 3).

were considerably higher than Tucannon Hatchery steelhead (166.4 meq/l); mean

Cl values were similar to the Tucannon fish (133.3 meq/'i),  but both are within

the expected range for rainbow trout. The mean plasma K values were considerably

lower (1.0 meq/l) than the Tucannon steelhead, and definitely lower than the

lowest expected values for rainbow trout. There were no samples with K levels

above the maximum expected for rainbow trout and 76.2% were below the minimum

expected value for rainbow trout. The latter could be stress related or since

the fish were sampled at the hatchery, a general hypokalemic (low blood K+)

condition.
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3. CHELAN HATCHERY.

The plasma electrolytes of the Chelan Hatchery steelhead were quite

similar to the Dworshak Hatchery fish (Table 3). The mean sodium and chloride

values were near the upper limits reported for clinically healthy trout. The

potassium values were low, as 63.3% of the samples were below the minimum

for clinically healthy rainbow trout, again indicating possible stress

factors. None of the potassium values were above the maximum reported for

rainbow trout.

4. WELLS-WINTHROP HATCHERY.

There were noticeable differences in the plasma electrolytes of the

Wells-Winthrop steelhead when compared to the other steelhead stocks in these

studies (Table 3). First, the mean plasma K levels were almost identical

to the Tucannon Hatchery stock (which were within the lower ranges expected

in healthy rainbow trout), but again with a large variance; 41.3% were below

the minimum expected value, and 8.6% were above the maximum expected value.

The mean Na value of 150.3 meq/l is well within the expected range for healthy

rainbow trout, but the mean Cl value fell below the minimum expected value for

healthy rainbow trout. The mean Na and Cl values were the lowest of any of

the steelhead stocks surveyed and statistically they were significantly

different from the mean values of the other steelhead stocks. There was a

high mortality in transit to Manchester and even though the survivors were

rested for 7 days prior to sampling, these lower comparative values may be

a reflection of that or some other stress factor.



C. HEMATOLOGY

There is no published information available on hematological values for

normal wild or hatchery reared steelhead. Therefore, we can only make

comparisons to the wide range of hematological values that appear in the

literature for rainbow trout.

Houston and DeWilde (1968) reported the means and variances of

hematocrits and hemoglobins for rainbow trout as 31.6 + 0.3% and 7.4 + 0.15- -

g hemoglobin/100  ml blood, respectively. Wedemeyer and Yasutake (1977)

point out the clinically healthy rainbow trout can be expected to have

hematocrits ranging from 24 to 43%, and hemoglobin values ranging from 5.4

to 9.3 g/100 ml blood. Barnhart (1969) sampled several strains of rainbow

trout fed two different diets and found mean hematocrit values ranging from

28.2 to 31.7%, with individual hematocrits ranging from 11 to 44%, and mean

hemoglobin values ranging from 6.5 to 7.7 g/100 ml blood, with individual

hemoglobins ranging from 2.2 to 13.0 g/100 ml blood.

McCarthy et al. (1973), studied the Kamloops variety of rainbow trout

and found mean hematocrits of 39.5% (range: 30-49%) and mean hemoglobin

values of 7.5 g/100 ml blood (range: 5.2-12.9 g/100 ml). The 96%

percentile ranges were: Hct - 24.0-43.0;  Hb - 5.4-9.3.

Wedemeyer and Nelson (1975) reported similiar values for the Shasta

strain of rainbow trout. The means and percentile range estimates were:

Hct - 34.1% (24.0-43.0); Hb - 7.6 g/100 blood (5.4-9.3).

Snieszko (1960) studied different size groups of rainbow trout, and

found that fish averaging 142 mm long had mean henatocrits of 45.3%; and,

fish averaging 235 mm in length had mean hematocrits of 53%. Approximately
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10% of the smaller trout and 73% of the larger trout had hematocrits of 50%

or more. The mean hemoglobin value of the larger fish was 8.7 g/l00 ml.

Most steelhead smolts would be between these two size groups,

1. TUCANNON HATCHERY.

The summarized data of the hematocrit and hemoglobin values for the

Tucannon steelhead are presented in Figure 2. The mean hematocrit (48.6%)

and hemoglobin (9.9 g/100 ml blood) values were higher than the maximum

expected values for rainbow trout reported by Wedemeyer and Yasutake

(1977); 72.2% of the hematocrit values were above 43%, and 55.0% of the

hemoglobin values were above 9.3 g/100 ml blood.

The blood samples were taken 48 hours after they arrived at Manchester

(see Table 1) and there was no great deviation in water temperatures.

Therefore, these high mean values should not be due to transport stress.

Other evidence suggests that the fish were reasonably healthy, and these

data may reflect normal values for steelhead,  or they may be related to

smoltification.

2. DWORSHAK HATCHERY,

Wedemeyer (unpublished data) found mean hematocrit values of 40% (+3)-

and hemoglobins of 9 g/100 ml (+3) when he sampled Dworshak steelhead

smolts in 1977. This is considerably lower than the values we obtained in

1978. The summarized data for the hematocrit and hemoglobin values for the

Dworshak Hatchery steelhead are presented in Figure 3. The mean

hematocrits (52.4%) and hemoglobins (11.5 g/100 ml blood) are higher than

the Tucannon Hatchery steelhead, and 78.0% of the hematocrit and 88.3% of

23
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the hemoglobin values were higher than the maximum expected values reported

by Wedemeyer and Yasutake (1977) for clinically healthy rainbow trout.

None were lower than the minimum. All blood samples for hematology and

plasma electrolytes were collected at the Dworshak Hatchery. Therefore,

these elevated values cannot be attributed to transportation stress.

3. CHELAN HATCHERY.

The summarized data for the hematocrit and hemoglobin values for the

Chelan-Leavenworth Hatchery steelhead are presented in Figure 4. The mean

values are within the ranges that Wedemeyer and Yasutake (1977) reported

could be expected for rainbow trout, but 50.0% of the hematocrit values are

above the expected maximum of 43%, and 31.7% of the hemoglobin values were

above 9.3 g/100 ml blood. None of the hematocrit values were below the

minimum expected (24%), and only 1.7% were below the minimum hemoglobin

value.

4. WELLS-WINTHROP HATCHERY.

The summarized data for the hematocrit and hemoglobin values for the

Wells-Winthrop Hatcheries steelhead are presented in Figure 5. The mean

values were the highest of any of the steelhead groups studied, as 94.7% of

the hematocrits were above the expected maximum (43%) for rainbow trout,

and 85.0% of the hemoglobins were above the maximum value expected (9.3

g/100 ml).

The generally high mean hematocrit and hemoglobin values for all of the

steelhead stocks may reflect a normal hematological condition for these

anadromous strains of the rainbow trout; or, they may be associated with

mild dehydration as one physiological aspect of smoltification.
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FIGURE 5.--A histogram and other data for the hematocrit and hemoglobin values of the Wells-Winthrop steelhead.



D. VIRAL SCREENING.

No confirmed evidence of common viral pathogens could be found by the

private contract laboratory in the Tucannon or Chelan-Leavenworth Hatchery

steelhead, but infectious pancreatic necrosis (IPN) virus was confirmed in

the Dworshak and Wells-Winthrop populations. The complete results of the

viral screening are presented in Appendix A.

E. INDIRECT FLOLJRESCENT ANTIBODY TEST FOR BACTERIAL KIDNEY DISEASE

(IFAT-BKD), AND RELATIVE SURVIVAL OF STEELHEAD IN THE SEAWATER

PENS.

1. TUCANNON HATCHERY.

The incidence of BKD as determined by IFAT was 13 out of 60 (21.6%),

with 6 fish (10.0%) positive for both anterior and posterior kidney

involvement; 5 (8.3%) with anterior kidney involvement only; and 2 (3.3%)

with posterior kidney involvement only (Table 3).

The 30-day survival of the fish cultured in the seawater net-pens was

86%; the full term survival was 36% (which is relatively high for steelhead

cultured in net-pens); and, no gross BKD lesions were found in necropsied

fish (see Table 3).

2. DWORSHAK HATCHERY.

The incidence of BKD in this group as detected by IFAT was 16.7%. The

level of infection was light, as only 1.7% of the fish had involvement in

both posterior and anterior kidney; 10.0% in anterior kidney only; and 5.0%

in the posterior kidney only (Table 3).

The 30-day survival of the Dworshak steelhead in the seawater net-pens

was 46.4%, and the survival through termination was approximately one-tenth

that of the Tucannon Hatchery steelhead. None of the mortalities



posted could be attributed to BKD, and only 26.6% of the mortalities posted

could be attributed to bacterial pathogens (Table 3). A small percentage

of the mortalities posted were due to ERM disease or furunculosis. Whether

these were latent or transmitted in seawater is not known, as the hatchery

records (Table 2) made available only indicate a treatment for external

parasites with Formalin.

3. CHELAN-LEAVENWORTH HATCHERY.

The incidence of BKD in this group as detected by IFAT was 86.7% with

56.7% involvement in both anterior and posterior kidney (Table 3). The

30-day survival of the fish cultured in the seawater net-pens was 80.0%;

the full term survival was 15.6%, and no BKD lesions were seen in the

necropsied fish (see Table 3).

The hatchery records (Table 2) indicate that this stock suffered a

37.5% mortality during freshwater rearing and were fed medicated diets to

treat a number of diseases.

4. WELLS-WINTHROP HATCHERY.

The incidence of BKD in this group as detected by IFAT was 85.0% with

46.7% involvement in both anterior and posterior kidney (Table 3). The

30-day survival of the fish cultured in the seawater net-pens was 10.5%,

the full term survival was 2.2%, and no BKD lesions were seen in posted

mortalities. The large mortality during the first period was attributed to

osnoregulatory stress (Table 3).

No statistically significant correlations were found between the

incidence of BKD by IFAT and hematocrits or hemoglobins in the steelhead

stocks studied.



F. HISTOPATHOLOGY.

A detailed report on the examination and interpretation of selected

tissue sections from the random samples is presented by the contract

veterinary pathologist in Appendix B. A summary of the pathological

conditions observed, their severity, and their frequency of occurrence is

presented in Table 4. The severity is ranked as: I. Recognizable (least

severe);  II. Intermediate; and III. Severe. Note that the incidence

of rank II and III severity was low for all conditions encountered

(Table 4).

Although the pathologist did not find gram-positive bacteria in either

the kidney or liver tissue of the three steelhead stocks examined, the more

sensitive IFAT tests of kidney tissue smears from the same specimens did

reveal the presence of BKD organisims.

In general, the pathological conditions observed in the three steelhead

stocks were not wide-ranging and may not significantly effect homing

response or survival. However, there were several dominating conditions

that appeared in all three stocks, and it may be of interest to summarize

the probable causes.

Analysis of the pathologist's data indicate that all of the steelhead

stocks had lesions (both degenerative and regenerative) in the skeletal

muscle  of the eye; both recognizable and of intermediate severity.

Recognizable retrobular fat necrosis (death of fatty tissue behind the

eyeball) was evident in the Dworshak steelhead. These ocular lesions may

be the result of an unfulfilled nutritional requirement and/or possible

nutritional disorder.
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The pathological conditions in gill tissue were dominated by increased

numbers of lymphocytes in gill tissue and epithelial cell proliferation.

These observations may be indicative of very mild exposure to antigens,

including pathogenic micro-organisms, and the mildest possible form of

nutritional gill disease. Second in frequency of occurrence was the

presence of ciliated protozoan parasites in the Dworshak steelhead. The

incidences of gill pathology were the least frequent in the Tucannon

steelhead.

The available hatchery records (Table 2) indicate that the steelhead

mortality in the Tucannon Hatchery was 43% and in the Wells-Winthrop pond

and hatchery, 28%.

II. SPRING CHINOOK SALMON: KOOSKIA HATCHERY (PATHOLOGY SAMPLE NUMBERS

4001-4060).

A. GILL ENZYME ANALYSES.

Spring chinook salmon from Kooskia Hatchery had an average gill

Na+-K+ ATPase activity of 18.1 + 2.8 on 24 April. Values ranged from

14.0 to 22.7 (Table 3), and the activity continued to increase after

transfer to seawater. A small group of O-age spring chinook salmon sampled

at the same time had an average activity of 6.2.

B. PLASMA ELECTROLYTES.

Only plasma Na and Cl were determined for the Kooskia Hatchery spring

chinook salmon (Table 3). The mean values (Na = 114 meq/l; Cl = 104 meq/l)

were apparently lower than a Leavenworth Hatchery spring chinook salmon

stock (Na = 150 meq/l; Cl = 108 meq/l), and the Kalama Falls Hatchery

spring chinook salmon stock (Na = 137 meq/l; Cl = 116 meq/l) sampled during

the same period. There are apparently very little published data on plasma

electolytes of spring chinook salmon.
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C. HEMATOLOGY.

The summarized data for the hematocrit and hemoglobin values are

presented in Figure 6. The mean values (39.1%; 6.6 g/dcl blood) are

probably normal. Unpublished data from salmon diet studies in Oregon

indicate expected mean hematocrits for spring chinook salmon ranging from

24.2 to 38.0% and 35 to 39% for fall chinook salmon. Our own experience

has indicated that hematocrit values below 28% in Pacific salmon may be the

beginning stages of a number of problems, and only 8.3% of the Kooskia

Hatchery fish fell below this level.

D . VIRAL SCREENING (SEE APPENDIX A).

Rangen Laboratories found only 5 out of 12 pools negative for virus on

the first screening, and IPN virus was confirmed in this stock.

E. IFAT-BKD.

The Kooskia Hatchery spring chinook salmon had the highest incidence of

BKD (as determined by IFAT) for any of the homing stocks screened,with a

total incidence of 9 0 %  and a 70% incidence of infection in both kidneys

(Table 2). It was not possible to determine if there was any correlation

of BKD to hematology because of the low number of noninfected fish in the

sample for comparative analysis.

The 30-day survival of this group (Table 3) in the seawater net-pens

was the highest of any homing stock tested in 1978 (98.8%). The seawater

survival through termination of the tests (October 1978) was 36.7%, and

10.5% of the mortalities posted had grossly visible BKD lesions in the

kidney, spleen, or liver. This follows the typical pattern that we

34



40

35

30

DISEASE LAB CODE

DATE SAMPLED

SPECIES

HATCHERY STOCK

4001-4060

April 25, 1978

SPRING CHINOOK

KOOSKIA

n = 48 n= 60
k = 39.1 z = 6.6
s = 8.2 s= 1.9

l-

35

10

5

0

Hematocrit (percent) Hemoglobin-g/dcl blood

JH4-
2 4

-

-

I 1 I , I * 1 , J

8 10 12 14 16 18 20

FIGURE 6.--A histogram and other data for hematocrit and hemoglobin values for the Kooskia spring chinook salmon.



have seen in the past: mortality in seawater due to latent BKD infections

generally begins in the fall and may take more than 2 years (Ellis et al.

1978). A small percentage of the mortalities posted from this group

(Table 3) were from ERM disease or furunculosis. Whether this was latent

or transmitted in seawater is not known.

F. HISTOPATHOLOGY (SEE APPENDIX B).

The major difference between the other homing stocks and the Kooskia

Hatchery spring chinook salmon (Table 4) are: 1) the incidence of muscle

lesions of the eye is l/5-1/6 that of the steelhead and l/3-1/4 that of the

coho salmon; 2) there is a very high incidence (95%) of increased

lymphocytic activity in the gills; 3) the pathologist was able to find BKD

(by tissue gram stain) in both liver and kidney (5%),  and even though the

sensitivity was approximately l/20 that of the IFAT,  the level of infection

must have been comparatively greater than that in the steelhead; 4)

granulomatous lesions (26.6%) and nephrocalcinosis (34.6%), a condition of

calcium phosphate precipitation in the renal tubules, dominated any

pathology of the kidney. If the latter conditions are secondary results of

low-level BKD infections, they could impair the process of excretion.

The hatchery records (Table 2) indicate that this group was treated for

external parasites with Formalin, which may account for some of the

increased lymphocytic activity in the gill tissue.

III. COHO SALMON.

A. GILL ENZYME ANALYSES.

1. CARSON HATCHERY (PATHOLOGY SAMPLE NUMBERS 4401-4460).

The Carson Hatchery coho salmon were sampled on 27 April. Gill

Na+-e ATPase activities averaged 11.1 + 1.3, ranging from 8.8 to 12.4.-
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Some parr marks were still visible, but ventral fins were becoming clear.

These indications suggested that smolt transformation had begun.

2. WILLARD HATCHERY (PATHOLOGY NUMBERS 4661-4700 AND 4351-4370).

A complete freshwater gill Na+-K+ ATPase profile was conducted on

the Willard Hatchery coho salmon.

The first external signs of smolting were noticed on 26 April, at a

time when gill Na+-k ATPase activity was 10.2. Three releases were

made to coincide with groups used in the homing study. A high percentage

of the fish were at or near smolt stage on the first two releases

(Figure 7), one cooing before peak activity and the other (24 May) coming

just as the Na+-e ATPase decline started. At the time of the third

release (8 June) parr reversion was well in progress as indicated by the

average Na+-I? ATPase activity (about 9). Very few fish from these

three releases were obtained from the Jones Beach recapture operation.

Only one, from the third release, was obtained for Na+-K+ ATPase

determination.

Average sizes of fish sampled near the three release times were: 1)

12.5 cm, 21.8 g; 2) 12.5 cm, 22.4 g; 3) 13.6 cm, 27.9 g.

B. PLASMA ELECTROLYTES.

Miles and Smith (1968) reported on plasma electrolytes in hatchery coho

salmon. Spring samples of fish in fresh water averaging 12.5 g were as

follows:

Na+

Cl-

K+

X (meq/l) Range (meq/l)

146.7 130.0-168.0

117.3 90.9-132.6

8.6 1.8- 19.0
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Our own studies of Columbia River Hatchery coho salmon in 1978 resulted

in the following ranges of mean values for plasma electrolytes:

Na+ 140.8 - 170.0

C1- 113.4 - 140.8

K+ 5.7 - 8.4

1. CARSON HATCHERY.

The mean plasma electrolytes for the Carson Hatchery coho salmon

(Table 3) were well within these ranges. The Na+ values ranged from 126

to 178 meq/l <?= 159.4). Cl' values ranged from 102 to 137 meq/l (F=

124.4),

The

and L? values ranged from 0.8 to 7.8 meq/l (x = 4.1).

2.' WILLARD HATCHERY.

mean Na+ (144.3 meq/l), Cl- (115.4 meq/l), and K+ (5.8 meq/l)

values were well within the expected levels for clinically healthy coho

salmon as prescribed by Miles and Smith. (1968).

C. HEMATOLOGY.

Wedemeyer and Chatterton (1971) list normal expected values (for coho

salmon) in fresh water of 32.5 to 52.5% for hematocrits and 6.5 to 9.9

g/100 ml blood for hemoglobins.

1. CARSON HATCHERY.

The mean hematocrits (32.9%) of the Carson coho salmon were close to

the expected low, and the mean hemoglobin values (4.7 g/100 mg blood) were

below the lowest expected value for clinically healthy fish (Figure 8).

There were 41.3% of the hematocrit values below the expected low value

(32.5%), and none of the fish were above the high (52.5%). About 91.4%

of the hemoglobin values were below the expected minimum for clinically

healthy coho salmon (6.5 g/100 mg), and none were above the high

(9.9 g/100 ml).
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2. WILLARD HATCHERY.

The summarized data for the hematocrit and hemoglobin values are

presented in Figures 9a, b, and c. Mean hematocrits from all three release

groups (Table 3) were in the middle of the range expected for clinically

healthy coho salmon (32.5 to 52.5%) as proposed by Wedemeyer and Chatterton

(1971). The mean hemoglobin values (6.4 g/100 ml blood) of the first

.release group (I) were slightly below the expected (6.5 to 9.9 g/lOO'ml).

The hematocrit values (Figure 9a) of the Willard I coho salmon were widely

spread.

The change in the percentage of fish above or below the expected values

of hematocrit and hemoglobin are listed below. Miles and Smith (1968)

reported a decrease in hematocrits in coho salmon yearlings in early April

followed by an increase in early May, but they did not report on hemoglobin

values. In the case of Willard Hatchery coho salmon, there is a continuing

shift of both mean and expected values to a higher level with the

progression of spring. This could be a physiological adjustment to minor

decreases in available oxygen.

Hematocrits Hemoglobins

% of normal expected values % of normal expected values

Release group Below Above
(%I (2)

Below
(X)

Above
(%I

I 10.2 18.4 56.3 0

II 5.7 9.4 29.3 3.4

III 6.9 3.4 5.1 13.5
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D. VIRAL SCREENING (SEE APPENDIX A).

1. CARSON HATCHERY.

The Rangen Laboratories only found 6 out of 12 pools to be negative for

virus in this stock, and IPN virus was confirmed.

2. WILLARD HATCHERY.

Rangen Laboratories conducted tests on the Willard Hatchery II and III

release groups only. In the II group, there were no negative pooled

samples, and IPN viruses could not be confirmed. In the III group, there

were five negative pooled samples, and IPN virus was confirmed in some of

the remaining positive groups.

E. IFAT-BKD.

1. CARSON HATCHERY.

The incidence of BKD as determined by IFAT was only 5%, and there were

no demonstrably abnormal hematocrit or hemoglobin values in the infected

fish.

The 30-day survival for the Carson coho salmon was 98.2X, and the

full-term survival (46.1%) was the highest of any of the 1978 homing stocks

examined (Table 3). In spite of the low incidence of BKD, 4.8% of the

mortalities examined were determined to have gross BKD lesions in the

kidneys.

2. WILLARD HATCHERY.

Kidneys were sampled from all three release groups for BKD screening.

The incidence of infection between group I and II was almost identical

(Table 2), but 2 weeks later (group III), the percentage of BKD infected

fish rose sharply. Most of this increase was in what might be



considered new hosts (anterior or posterior only). Because of the small

sample size, it may not be possible to relate the incidence of BKD to

hematocrit or hemoglobin levels. However, the data (below) do show a trend

of decreasing hematocrit values with increasing latent BKD infection in the

kidney.

No detectable BKD

Anterior or post-

.erior BKD only

Both posterior and

anterior kidney

infected

% Hematrocrit

n Mean Variance

34 43.8 7.1

18 41.3 5.2 18 7.8 1.2

5 37.6 6.8 5 8.2 1.2

g hemoglobin/100 ml blood

n Mean Variance

35 8.9 1.4

There were mortalities from gross BKD in all three groups cultured in

the seawater net-pens (Table 3), and the percentage of mortalities with

grossly detectable BKD was highest for the group III fish. The initial (30

day) survival in all 3 groups was quite high (and similar), but the

survival to termination of the tests was only 34 to 41%. This high early

survival in all 3 groups at least indicates that osmoregulatory stress was

minimal. The 7.9% mortality in the group III fish due to gross BKD is

disturbing in that it indicates a possible delayed mortality due to latent

BKD in this stock.

4-6-%
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F. HISTOPATHOLOGY (SEE APPENDIX B).

1. CARSON HATCHERY.

There was a recognizable incidence of skeletal muscle lesions of the

eye (27.1%), recognizable increased numbers of lymphocytes (74.6%) and

epithelial cell proliferation (61.0%) in the gills, and a 76.8% incidence

of basophillic granular organisms in the gills (Table 4). These latter

structures stained gram negative and may represent microsporidian protozoan

parasites.

The incidence of BKD as detected by tissue gram stain was 1.7% in the

liver and 1.7% in the kidney. Even though the incidence of BKD as detected

by IFAT and tissue gram strain was low, tissue involvement in individually

infected fish in the total population must have been significant because we

would not expect a 4.8% mortality in the sea-pens from BKD with such a low

incidence level (5% by IFAT). There was gram-positive debris in the kidney

tubules (6.8%), and other gram staining material in the tissue (3.4%).

Table 2 is the hatchery record for the Carson Hatchery coho salmon, and

indicates the fish were treated for furunculosis and probably some external

parasites, but not BKD.

In general, these fish were in excellent condition, but the total

evidence suggests that there could be a long term mortality due to latent

BKD of at least 5%.

2. WILLARD HATCHERY (GROUP III FISH ONLY).

Recognizable pathological conditions of the eye were at similar levels

to those of the Carson Hatchery coho salmon, but there was a considerable

reduction in the percentage of fish with any gill pathology,



particularly those fish with evidence of basophillic granular organisms

(Table 4). There were no detectable incidences of BKD organisms in liver

or kidney (as determined by tissue gram stain), no evidence of gram

positive staining debris, and no evidence of other gram stained material in

tissue. This would seem to indicate that the severity of individual BKD

infections was less than that of the Carson Hatchery coho salmon. However,

the fact that the known BKD mortalities in seawater culture ranged from 2.9

to 7.9%, and that the IFAT-BKD levels ranged from 15.0 to 40.7% should be

sufficient evidence to indicate that latent BKD could be a serious problem

and might be the direct cause of a 5 to 10% mortality in the ocean.

Table 2 lists the available hatchery records of the Willard Hatchery

coho salmon. Although BKD and furunculosis were two of the diseases

detected in these fish, there was no evidence of furunculosis in seawater

mortalities posted. This may have been the result of effective medication

(for gram negative organisms) with TM-50.

COMPARATIVE VIRAL ASSAYS FROM SURVIVING FISH IN SEAWATER NET-PENS

Three hundred fish from each of the stocks  of fish sampled during the

course of this study had been maintained in salt water at the NMFS

Manchester Laboratory since the time of sampling as part of the test for

saltwater adaptation and survivability. In an attempt to expand upon the

results of the viral isolation tests during the course of the freshwater

smolt phase of the study, those stocks surviving saltwater introduction in

sufficient numbers were sampled by USFWS personnel from the National

Fisheries Research Center in Seattle, Washington, according to the methods

described previously in this report. Paired tissue pool samples were

tested for the presence of virus by both the National Fisheries Research

Center and the Rangen Research Laboratory.



A total of 11 saltwater stocks and one additional stock that had been

held in fresh water at the NMFS Montlake Laboratory in Seattle were

examined. All twelve stocks had been found to be infected with IPN virus

at the time of hatchery release as reported in the foregoing report but

were found (by both USFWS and Rangen) to be negative for virus after a

saltwater maintenance period of 155 to 200 days. Based upon the evidence

for variation in the clinical presence of IPN virus and infectious

hematopoetic necrosis (IHN) with regard to age, species, and stress

conditions, it is not unreasonable to assume that the virus could well have

returned to subclinical undetectable levels following a reduction in

smoltification stress by acclimation to salt water. Serological

surveillance of these same stocks may have provided a tool with which prior

exposure could have been demonstrated in the absence of any clinical

isolations of the virus.



SUMMARY AND CONCLUSIONS

The health status of the stocks was quite variable as could be

expected. The Dworshak and Wells Hatcheries steelhead suffered from some

early stresses in seawater, probably osmoregulatory. The incidences of

latent BKD in the Wells and Chelan Hatcheries steelhead and Kooskia

Hatchery spring chinook salmon were extremely high, and how these will

effect survival in the ocean is not known. Gill enzyme activity in the

Dworshak and Chelan Hatcheries steelhead at release was low. Of the

steelhead, survival in the Tucannon Hatchery stock will probably be the

highest, with Dworshak Hatchery stock the lowest.

The analyses conducted by the veterinary pathologist indicate that

overall there was no evidence of serious pathological conditions that might

be disastrous to any given stock, but at this time it is also difficult to

interpret the results of certain types of clinical pathology that have

either not been previously reported or extensively studied. For example,

if the 77% incidence of basophillic granular organisms in the gills of the

Carson coho salmon does represent an infestation of microsporidian

protozoan parasites, is the intensity of infestation severe enough to cause

irrepairable damage that might affect survival?

The results of the viral assays are questionable because the Rangen

Laboratory is the only one that found evidence of viruses in these stocks

(however, the veterinary pathologist did find evidence of a pox-type virus

in one kidney from the Kooskia Hatchery spring chinook salmon). Secondly,

even if the virus identification were substantiated, we cannot be sure of

the significance of positive test results.



However, this variation is food for thought in how survival of

individual stocks might be improved in the future through a closer

examination of dietary and environmental requirements, and monitoring the

incidence of sub-clinical diseases by random sub-sampling of populations.
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I. INTRODUCTION

In the spring of 1978, the National Marine Fisheries
Service (NMFS) Manchester, Washington laboratory began a
study to evaluate various factors pertinent to the successful
smoltification, ocean survival, and adult return of selected
anadromous salmonid fish stocks of hatchery origin in the
Columbia River basin. A portion of this study was devoted to
ascertaining the general health profile of each stock at the
time of smoltification and immediately prior to hatchery
release and natural out-migration into saltwater. The
purpose of this general health profile was to determine the
occurrence and incidence of selected infectious diseases known
to be potentially important to the growth and survival of
salmonid fishes in general. The health profile data
acquired can then be used in the evaluation and interpretation
of other data obtained having to do with the relative success
of saltwater adaptation, survival, and hatchery return
potential.

Migrant hatchery fish stocks were examined for selected
viral, bacterial, and parasitic disease agents using a wide
variety of techniques as described in the parent NMFS pro-
ject report. This report concerns itself only with the work
contracted by NMFS to the Rangen Research Laboratory under
Ranges Contract #2-78 (USDC/NOAA Purchase order No. 02-78-
MOZ-00189) and titled THE SURVEILLANCE OF VIRUS DISEASES IN
SELECTED HATCHERY STOCKS OF SALMON AND STEELHEAD SMOLT IN
THE COLUMBIA RIVER BASIN DURING 1978. It pertains to that
portion of the general health profile dealing with the
screening of selected populations for the presence of
important viral pathogens known to infect salmonid fish in
North America. Included among these pathogens are infec-
tious pancreatic necrosis (IPVN), infectious hematopoietic
necrosis virus (IHVN), and Herpesvirus salmonis as well as
any additional agents capable of inducing specific cytopathic
effect (CPE) under the given conditions of surveillance.

The virus disease most commonly associated with Pacific
salmon and steelhead trout stocks in the Pacific Northwest is
infectious hematopoietic necrosis virus (IHVN). IHVN was
first recognized in 1951 in sockeye salmon (Onchorhynchus
nerka) at Leavenworth Hatchery and kokanee salmon (land-
locked sockeye salmon) at Winthrop Hatchery. The virus was
isolated for the first time from sockeye salmon in 1958
(Wood, 1974). The disease is known to cause significant
mortality in hatchery populations of Pacific salmon and
steelhead trout as well as other salmonid species all
along the Pacific coast of North America from California
to Alaska and is considered endemic to many watersheds
including the Columbia River system.

IHVN infection results in a peracute to acute course
of infection resulting in high levels of mortality in
chinook salmon (Onchorhynchus tshawytscha) and an acute
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to subacute infection of sockeye salmon, The disease is
characterized, as its name implies, by destruction of
hematopoietic tissues resulting in an acute anemia,
hemorrhage, and often severe mortality among fry and
fingerling fish under hatchery conditions. Infection
seems to be primarily vertich& in nature with the disease
being transmitted vertically with the eggs and reproduc-
tive fluids of asymptomatically infected returning brood-
stock. The coho salmon (Onchorhynchus kisutch) appears
to be more resistant to IHVN infection than the other
species of Pacific salmon but can function as an asymp-
tomatic carrier in the maintenance and dissemination of
the disease (Wolf, 1972).

Survivors of an epizootic infection of IHNV are known
to carry the virus in an eclipse phase typical of the
rhsbdovirus group of which it is a member. During this
asymptomatic carrier state, the virus is not detectable
by present methods of surveillance and is presumed to be
non-infectious. This period of subclinical infection
includes the time of physiological transition to salt-
water known as smoltification. The latent effects of
its presence upon smoltification, ocean survival and
adult return are not known at this time. However, the
detectable infectious virus has been shown to reappear
immediately prior to spawning in infected populations of
returning adults and is readily transmitted to the
progeny at this time.

The early epizootiology of suspected viral diseases
including IHNV in the Columbia River drainage is reviewed
by Parisot et al. (1965). Several extensive surveys to
determine the incidence and distribution of the virus
have been conducted since that time in selected stocks of
Columbia River trout and salmon. In 1972, Amend and Wood
reported than no IHNV could be found in Columbia River
stocks of Pacific salmon returning to 15 selected hatch-
eries in the State of Washington. These findings were
based upon the extensive sampling of 130 t o  150 ovarian
fluid samples taken from each population at the time of
spawning. Tebbit and McMichael (1973) found no evidence
of IHNV in 10 Columbia River salmon stocks returning to
hatcheries in the State of Oregon during 1971 and 1972.
However, in 1973 they reported the confirmed isolation
of IHNV from an adult spring chinook salmon stock return-
ing to Oregon's Pelton Dam Holding Facility. Numerous
additional studies have been undertaken by various state
and federal agencies in subsequent years but have often
failed to be comprehensive in design and execution and
their results are often not readily available.

Even though IHNV has not been found to be a major
problem for Columbia River stocks of chinook salmon, in
general, it does continue to pose a threat to this
species as well as sockeye salmon under hatchery condi-
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tions. The real occurrence and incidence of IHNV is still
not well defined due to problems in the detection of
asymptomatic carrier states of infection during the eclipse
stage. Knowledge is also lacking on the possible residual
effects of the carrier state infection on successful smolt-
ification, saltwater survival, and adult return. The
disease remains endemic to the watershed and has been
increasing in its known host range, geographical distrib-
ution and physical tolerances such- as temperature.

Another salmonid virus, Infectious Pancreatic Necrosis
Virus (IPNV), has not often been associated with or consid-
ered a problem in Pacific salmon stocks, IPNV is known
to be endemic in the Columbia River drainage but is primar-
ily recognized as a reovirus disease of trouts and chars.
It is also known to be capable of infecting Atlantic, coho,
and chinook salmon (Fish Health Section, 1974).

IPNV is considered to be the same disease originally
described by M'Gonigle (1941) in brook trout (SaZueZinus
fontinazis) and Atlantic salmon (SaZmo salar) in hatcheries
in the Canadian maritime provinces and later confirmed by
MacKelvie and Artsob (1969). The disease was first iso-
lated in the Western United States in 1963 by Parisot, et
al.

IPNV disease is typically characterized by a paracute
to acute course of infection and mortality of fry and
fingerling fish or a subacute to chronic infection of
larger fish up to and including yearling sizes. The
infectious agent is readily transmitted horizontally
through the water between fish by means of infected feces
and urine from clinically diseased or asymptomatically
infected carrier fish. It is also readily transmitted in
a vertical manner from asymptomatically infected adult fish
to their progeny via infected reproductive fluids, and eggs.
Survivors of an epizootic infection often remain asympto-
matic carriers for life and continually shed the infect-
ious virus into the water. The disease has been shown to
be transmitted in the natural environment to susceptible
stocks and maintained in wild and feral populations for
extended periods of time with the incidence of infection
gradually decreasing over time when no new introduction
is made (Yamamoto, 1975). Sonstegard (1970) also showed
long term survival of IPNV in the gastrointestinal tracts
of selected non-salmonid fishes, picivorous birds, and
aquatic invertebrates.

Until 1968, IPNV has not been known to occur in any of
the Pacific salmon species. However, in July of that year,
Wolf and Pettijohn (1970) isolated the virus from coho
salmon fingerlings at Lamar National Fish Hatchery in
Pennsylvania. The eggs of the infected stock had been
taken from a spawning population of landlocked adult salmon
in Lake Michigan. The fish had been checked for virus as
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fry and were determined to be free of the infection. How-
ever, IPNV was enzootic among hatchery stocks of trout at
the time and the virus was soon isolated from the finger-
ling salmon during an epizootic of furunculosis (Aeromonas
salmonicida). No mortality could be attributed to the pres-
ence of the virus and evidence indicated that infection
was due to horizontal rather than vertical transmission.

Amend and Wood (1972) surveyed 15 Columbia River stocks
of Pacific salmon returning to hatcheries in the state
of Washington in the fall of 1970, selecting only for IHNV
on primary screen and confirmatory cultures. Consequently,
no IPNV was reported. In 1973, Tebbit and Mchlichael reported
on the surveillance of selected Columbia River stocks of
Pacific salmon returning to selected hatcheries in Oregon.
Their comprehensive design included the examination of
visceral tissues and ovarian fluids from 60 adult females
from each of four discrete populations. Adult fish and
progeny fry were also bled and the sera examined for specif-
ic neutralizing antibodies against the common virus diseases.
IPNV virus was isolated from two of twelve five-fish tissue
pools from adult coho salmon returning to the Bonneville
hatchery in 1971 and also from their progeny fry in thirty
of thirty ten-fish pools indicating vertical transmission.
It is interesting to note that McMichael (1974) was only
able to isolate virus from the fry progeny at 30 and 60
days of age post hatch and that these same fish as finger-
lings, when sampled at 90 and 210 days post hatch, no
longer yielded detectable levels of virus but did demon-
strate specific neutralizing antibodies against IPNV as
titers in excess of 1:200 evidencing prior exposure.
Attempts as horizontal transmission of the virus under lab-
oratory conditions were unsuccessful at 15 C.

A report in the FAO Aquaculture Bulletin (1973) indi-
cated that McMichael's coho isolate was unlike the ATCC
UR-299 (American Type Culture Collection) IPNV trout iso-
late and more typical of French isolates of IPNV that
loose 99% of their infectivity in a single freeze/thaw
cycle.

When Tebbit and McMichael (1973) continued their samp-
ling program, they found returning adult populations and
their fry progeny at all of the selected hatcheries samp-
led were negative for IPNV in 1972 and 1973. However,
they were able to demonstrate specific neutralizing anti-
bodies in the sera of 270 adult fall chinook and coho
salmon. The overall incidence was 74% in the returning
coho and 92% in the returning fall chinook populations.
In 1972, they were also able to isolate IPNV from adult
coho salmon returning to Cascade Hatchery but the virus
could not be demonstrated in the fry progeny nor in the
adult returns the following year. Tebbit and McMichael
(1973) also reported finding IPNV in adult chinook salmon
returning to the Pelton Dam Holding Facility in 1973 after
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the adult returns and progeny were found to be free of the
virus in the 1971 and 1972 broodyears.

IPNV was isolated from steelhead trout being reared at
Idaho Power Company's Niagria Springs Steelhead Hatchery
in the Snake River canyon of Southern Idaho near Buhl in
1974. IPNV is known to be endemic to the commercial
rainbow trout hatcheries in the local area and its appear-
ance at the Niagria Springs station was not surprising.
The virus has since reappeared at the station periodically
and has been associated with significant mortality.'

In 1974, Wood indicated that he had yet to come up with
positive IPNV isolations from Columbia River stocks in
Washington state. However, in 1975 Tebbit reviewed
McMichael's initial surveillance results and continued the
program. Again looking at visceral tissue samples, ovarian
fluids, and progeny fry, Tebbit was able to demonstrate
IPNV in six of twelve five-fish tissue pools from adult coho
salmon returning to the Cascade Hatchery during the 1972
broodyear, but he could not demonstrate verticle transmission
to the progeny fry. That same year Tebbit also isolated IPNV
from a population of spring chinook salmon fry at the Pelton
Dam Holding Facility that were the progeny of an adult stock
that had been diagnosed with a confirmed asymptomatic
infection of IHNV (Tebbit, 1975). During the 1973 broodyear,
Tebbit was able to detect IPNV specific neutralizing anti-
bodies in the sera of adult coho salmon returning to the
Sandy Hatchery and in the sera of adult coho salmon returning
to the Bonneville Hatchery. None of these seropositive
populations nor their fry progeny yielded a confirmed viral
isolation. Tebbit's continued surveillance during the 1974
broodyear failed to yield virus from any of the adult returns
sampled but IPNV specific neutralizing antibodies were found
in a stock of landlocked spring chinook salmon in the Detroit
River impoundment on the North Santiam River in Oregon. An
endemic infection of IPNV had previously been demonstrated
in wild cutthroat trout populations in these same waters.

Based upon the finding of IPNV and IHNV in stocks of
anadromous salmonids in the Columbia River basin, the state
of Oregon established a management policy prohibiting the
transport of any Columbia River stocks of fish to a coastal
river system for fear of disseminating an endemic viral
disease problem.

In 1975, Mulcahy and Sanders reported isolating IPNV from
spring chinook salmon at the Oregon Fish and Wildlife
Commission's Corvallis Research Laboratory once again
docementing the fact that IPNV can indeed infect Pacific
salmon and steelhead trout, It is becoming recognized that
IPNV may be all too common as an asymptomatic infection in a
wide diversity of discrete spawning populations in the
Columbia River basin and that it may not be easily recognized
or clinically diagnosed in certain types of samples at
certain stages in the life history of the Pacific salmon and
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steelhead trout. It still remains to be shown whether or
not the presence of an endemic infection of IPNV has a
detrimental effect upon the population. Mortality directly
attributed to the presence of the virus under hatchery
conditions has yet to be demonstrated for Pacific salmon
stocks but is know to occur with steelhead trout populations.

The last of three salmonid viruses to be found in the
Columbia River basin is Herprresvirus salmonis. This virus
or other closely related viruses are known to infect rainbow
trout (SaZmo gairdneri) and sockeye salmon at all stages in
their life history and has been implicated in mortality of
both fry and adult fish. The virus was first described in
Japan as being endemic among certain stocks of sockeye
salmon, It has only been diagnosed once in the United
States as an asymptomatic infection of rainbow trout brood-
stock at the Winthrop National Fish Hatchery. The virus
still remains a fairly unknown entity with regard to the
general health of Pacific salmon and steelehad trout stocks
as its true host range, geographical distribution, and
general ecology and epidemiology has yet to be determined
(Wolf, et al., 1975).

II. MATERIALS AND METHODS

Procedures of viral surveillance were designed to fit
within the overall field sampling program and budget of the
parent study and give optimum sensitivity and accuracy with
regard to detecting the presence of any of the three major
salmonid viruses found within the Columbia River basin.

A total of 28 stocks of chinook salmon, coho salmon, and
steelhead trout from 18 different Columbia River basin
hatcheries (Figure 1 and Table 1) were examined for the
presence of virus at the time of smoltification and hatch-
ery release during 1978, Field sampling was conducted by
NMFS Personnel according to procedures established by and
with field sampling kits provided by the Rangen Research
Laboratory (Appendix A). Most of the hatchery stocks being
sampled were first transported in a live haul container
back to the NMFS Laboratory in Manchester, Washington. They
were then maintained in freshwater flow-through systems
(Beaver Creek water supply) for one to two days prior to
sampling and saltwater introduction. A few stocks were
sampled at the site of the production hatchery prior to
transport back to the Manchester Laboratory. The field
sampling diluent provided was formulated (see Appendix B)
to provide optimum survival of any infectious virus under
transport conditions while inhibiting the growth of any
microbial contaminants. It was provided in sterile
graduated polycarbonate screw-cap tissue culture grade
centrifuge tubes (Corning #25310, Corning Glass Works,
Corning, New York). The use of the graduated tube allowed
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FIGURE 1, GEOGRAPHIC LOCATION OF SELECTED COLUMBIA
RIVER DRAINAGE SALMON AND STEELHEAD HATCHERIES
SAMPLED FOR VIRUS DURING 1978,

1. Cowlitz
2. Toutle
3. Kalama Falls
4. Skantania
5. Carson
6. Willara
7. Little White Salmon
8. Spring Creek
9. Klickatat

10. Tuccanon
11. Rocky Reach
12. Leavenworth
13. Big Creek
14. Sandy
15. Bonneville
16. Dworshak
17. Kooskia
18. Winthrop



TABLE 1, STOCKS OF PACIFIC SALMON SMOLT EXAMINED FOR VIRUS

AT THE TIME OF RELEASE FROM SELECTED COLUMBIA RIVER
DRAINAGE HATCHERIES DURING 1978,

STATION STOCK EXAMINED DATE SAMPLED FUNGEN ACC. NO.

Big Creek coho salmon

coho salmon (Cowlitz stock)

Bonneville fall chinook salmon (group I>

Carson

Cowlitz Salmon

coho salmon (yearling)

spring chinook salmon

fall chinook salmon

Dworshak

Kalama Falls

steelhead trout

spring chinook salmon

coho salmon

fall chinook salmon

fall chinook salmon

Klickatat coho salmon 5/l/78

Kooskia spring chinook salmon 4125178

Leavenworth spring chinook salmon 4122178

steelhead trout 513178

Little White Salmon fall chinook salmon 5125178

Rocky Reach coho salmon 514178

Sandy

Spring Creek

coho salmon

fall chinook salmon

Skamania steelhead trout

Toutle coho salmon 513178

coho salmon (Montlake stock) 5/x3/78

fall chinook salmon 619178

Tuccanon steelhead trout 5116178

519178

5/9/78

5126178

4126178

512178

6119178

4126178

313178

516178

7/11/78

9115178

517178

3121178

517178

177-78

178-78

216-78

146-78

158-78

269-78

147-78

070-78

168-78

197-78

356-78

153-78

148-78

138-78

162-78

115-78

161-78

165-78

099-78

166-78

159-78

199-78

250-78

189-78



TABLE 1, (CONTINUED)

Willard coho salmon (group 11) 5125178 214-78

coho salmon (group III) 6113178 249-78

fall chinook salmon 7112178 298-78

Winthrop steelhead trout 515178 167-78



for an accurate sample dilution factor calculation based
upon the displacement method as 0.2 g of tissue was pooled
from each of five fish into 9 ml of field sampling diluent
and a total of twelve five-fish pools collected from the
randomly selected 60 fish sample.

Following completion of all sampling procedures and the
Field Sampling Data Sheet as outlined in Appendix A, the
complete refrigerated field kits were returned to the Rangen
Research Laboratdry in Hagerman, Idaho via Grayhound NBO
Package Express service. The average time in transit was
20 hours and the temperature of the samples upon receipt
was consistantly  between 6 C. and 8 C.

Upon receipt into the Rangen Research Laboratory, the
receiving temperature of the samples was recorded. The
twelve sample tubes were assigned a group accession number
and each tube in the group given a serial numeric identify-
ing code. The refrigerated tissue pools were homogenized
in situ with a Polytron PUC-2-110 homogenizer fitted with a
steam sterilizable stainless steel PT-10 generator (Brinkman
Instruments, Westbury, New York) for 30 seconds. The homo-
genized tissue samples were then centrifuged at 2,000 X g
for ten minutes at 4 C. in a Sorval RC-5 refrigerated
centrifuge with an HS-4 rotor and appropriate tube adapters
(Dupont/Sorval, Newtown, Conn.) to remove large cellular
debris. One half milliter of the supernatant was pipetted
off with a sterile disposable polyethylene tip and diluted
in 2 ml of a disinfecting diluent (Appendix B) and incubated
at 4 C. overnight for decontamination from fungal and
bacterial agents. This procedure resulted in a final 1:50
working dilution of the original tissue sampled. All samples
were maintained at 4 C. during all preparatory procedures.

Samples received into the laboratory were screened for
the presence of virus within seven days of sampling, Viral
screen tests were conducted with a microculture system using
the Chinook Salmon Embryo (CHSE-214) cell line in passages
268 through 279 and a MEM-lo-Tris-PSF media (Appendix B) at
12.5 C. incubation for 21 days. Four replicate wells of
each of two dilutions were run for each of the pooled tissue
samples. Microculture screen tests were prepared by dropping
0.05 ml of the decontaminated and diluted 1:50 tissue pool
into each of the first four wells of an eight well series on
a sterile hlicrotest II (Falcon $3040, Becton, Dickinson, and
Co.) tissue culture plate and 0.025 ml of the same sample
into the last four wells of the eight well series using an
Oxford 8000H sampler and a sterile Oxford 810s tip. During
preparation, the microculture  plates were temporarily covered
with a Falcon #3041 sterile lid andmaintained  at 15 C.
Appropriate IPNV and IHNV positive controls and negative
media and cell controls were set up for each group tested.
After the sample dilutions had been delivered to the micro-
culture plate, a stock flask of CHSE-214 cells that had been
grown to 95% confluence at 20 C. in r!E!J-lo-Tris-PSF was



was examined under the inverted microscope for confluence
and quality and dissociated in 4 ml of PAN/EDTA media
(Appendix B). The PAN/EDTA cell suspension was centrifuged
at 1500 X g for 4 minutes. The supernatxnt was decanted and
the pelleted cell mass resuspended in a small volume of
MEM-lo-Tris-PSF media. The resuspended cells were further
diluted in MEM-lo-Tris-PSF media to a final 1:4 working
concentration based upon the surface area split ratio and
placed in a sterile 100 ml covered flask containing a
sterile magnetic stir bar. The diluted cell suspension
was placed on a refrigerated magnetic stir plate with slow
stirring to maintain the cells in suspension. A sterile
Minipet repipetting syringe (Manostat #71-500-010,  hfanostat,
New York, N.Y.) was fitted with a sterile disposable 18g X
13" hypodermic needle and primed with the chilled CHSE-214
cell suspension. Fifteen hundredths of a milliliter of the
diluted CHSE-214 cell suspension was pipetted into each well
on the inoculated microculture test plate. The plate was
immediately sealed with Falcon #3044 pressure sensative film
and incubated at 12.5 C. The suspended CHSE-214 cells were
allowed to settle down through the sample material and
attach to the bottom of the well.

All tests were incubated at 12.5 C. for 21 days. All wells
of both test and control series were periodically read under
an inverted microscope for evidence of specific cytopathic
effect (CPE), cytotoxicity, and microbial contamination.
The daily observations were recorded on the Virological
Examination Report Sheet (Appendix C). If more than four
wells in an eight well series were found to be cytotoxic, the
original decontaminated sample was diluted 1:2 with disinfect-
ing diluent to a final working dilution of 1:lOO and re-run
on the microculture  screen procedure as described above. If
more than four wells in an eight well test series was found
to be contaminated, the original sample was filter sterilized
through a 0.45~ membrane filter and re-run on the microculture
screen procedure. If any of the wells in the control series
demonstrated any unusual or inconsistant results at any time
during the 21 day incubation period, the microculture screen
procedure was repeated with the original samples.

At the end of the 21 day incubation period, the 96 wells
on each plate (8 wells for each of 12 pooled tissue samples
in the lot) were classified as being either positive (definite
CPE), questionable (possible CPE or cytotoxicity), or negative
(no evidence of CPE of cytotoxicity) and pooled into one of
three tubes according to its classification. After the
supernatant media had been pooled from the microculture
screen plates for further testing, all wel.ls of the plate were
stained with a 1% alcoholic solution of crystal violet and
dried as a permanent record of the screen results.

The presence or absence of virus in each of the three
classified screen pools was confirmed and identified by means
of a microculture  serum neutralization procedure. One



quarter of a milliliter of sterile field sampling diluent
was placed in each of the first three wells of an eight well
series on a sterile microculture plate. Twenty five thousand-
ths of a milliliter of a 1:lOO working dilution of EFDL 2149
Polyvalent IPNV Antisera (Eastern Fish Disease Laboratory,
Kearneysville, West Virginia) was pipetted into the next two
wells of each eight well series. Twenty five thousandths of
a milliliter of a 1:lOO working dilution of EFDL $150 IHN
Antisera was pipetted into the next two wells of each eight
well series and finally 0.025 ml of a 1:lOO working dilution
of EFDL #lOO normal rabbit sera was pipetted into the last
well of each eight well series. Each of the three lassified
and pooled screenmaterialswere then diluted to lo- 5 by
pipetting 0.025 ml of the material into the first well of
an eight well series, mixing, and transfering 0.025 ml into
the second well, mixing, and transferring 0.025 ml into the
third well and mixing.
liter of the 10m3

Twenty five thousandths of a milli-
dilution of the sample in the third well

of each series was then transfered to each of the remaining
five wells in the series. Appropriate positive IPNV and
IHNV controls as well as negative media and cell controls
were prepared in the same manner. The prepared microculture
serum neutralization plates were then covered temporarily
with a sterile lid and incubated at 15 C. for 60 minutes to
affect appropriate neutralization of any virus present.
CHSE-214 cells were then prepared to a 1:2 dilution based
upon surface area as described above and 0.15 ml of the
diluted cell suspension pipetted into the last five wells
of each eight well test series on the plate. The plate
was immediately sealed with film and incubated at 12.5 C.
for five days.

The serum neutralization results were read under an
inverted microscope at the end of the five day incubation
period. The results were recorded on the Virological
Examination Report Sheet (Appendix C). Destruction of
the cell monolayer with characteristic CPE in well four,
five, and eight of a test series indicated the confirmed
presence of IHNV in that sample pool. Distruction of the
cell monolayer with characteristic CPE in wells six, seven,
and eight indicated the confirmed presence of IPNV in that
sample pool. Distruction of the cell monolayer with
characteristic CPE in wells four, five, six, seven, and
eight could indicate the presence of Herpesvirus salronis,
a mixture of viral agents, or partial neutralization of
a particular strain of a virus in which case additional
procedures would have been applied to confirm identification.
All wells demonstrating CPE in an eight well series on the
serum neutralization plate were pooled and lyophilized in
a stabolizer as a reference stock culture. All wells of
the serum neutralization plate were then stained with a
1% alcoholic solution of crystal violet and dried as a
permanent record of the results.



III. RESULTS

A total of 336 Pacific salmon and steelhead trout smolts
representing 28 discrete anadromous stocks at 18 Columbia
River basin hatcheries were tested for the presence of
infectious viruses during 1978. The results of these tests
are summarized in Table 2 for each of the hatchery stocks
examined. Neither infectious hematopoietic necrosis virus
(IHNV) nor Herpesvirus saZmonis were identified during the
course of the study.

Infectious pancreatic necrosis virus (IPNV) was confirmed
at 12 of 18 hatcheries sampled and in 16 of 28 stocks of
smolted fish examined as summarized in Table 3. IPNV was
most commonly found in populations of coho salmon (82%
incidence among populations sampled) and least likely to
occur in populations of fall chinook salmon smolt (25%
of the populations examined). The incidence of infection
among five-fish sample pools within each 60 fish lot was
the lowest for fall chinook salmon smolt with an average
of 12.5% in the two infected populations examined. The same
measure of carrier incidence for infected spring chinook
salmon smolt populations was 75%, 64% for infected coho
salmon smolt populations and 61% for infected steelhead
trout populations. None of the confirmed IPNV infections
could be associated with any significant mortality or loss
in any of the populations.

IV. DISCUSSION

The failure to isolate either Herpesvirus saZmonis or
infectious hematopoietic necrosis virus (IHNV) during the
course of this study is not unusual when considered within
the given limitations of the experimental design applied.
Herpesvirus saZmonis or other closely related salmonid
viruses have yet to be isolated from coho salmon, chinook
salmon, or steelhead trout in the United States. In fact,
the virus has only been isolated once from a Columbia River
basin salmonid stock and has not been seen since. Due to
the fact that our knowledge of the disease is still limited
in terms of its occurrence, incidence, and pathogenesis, it
can only be said that the virus was not detected within the
limits of the experimental design. Possibly by broadening
the scope of the study to include conditions known to be
optimum for the recovery of the virus at all stages in the
life history of Pacific salmon and steelhead and the appli-
cation of more sensative techniques of serological surveill-
ance such as detection of specific neutralizing factors in
the sera or other body fluids or the detection of specific
antigens or antibodies in the various body tissues and
fluids by means of enzyme linked immunoadsorbent assay (ELISA)
or counterimmunoelectrophoresis (CIE;) procedures could also
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TABLE 2, SUMMARY OF PRELIMINARY SCREEN RESULTS AND CONFIRMED IDENTIFICATION OF VIRUS

ISOLATED FROM SELECTED COLUMBIA RIVER DRAINAGE HATCHERY STOCKS OF ANADROMOUS

SALMONID SMOLTS DURING 1978,

STATION STOCK
NUMBER OF SCREEN POOLS

POSITIVE SUSPECT NEGATIVE
CONFIRMJZD RESULT

Big Creek coho salmon

coho salmon (Cowlitz stock)

Bonneville fall chinook salmon (group I)

6

4

6

3

IPNV

IPNV

12 0

Carson

negative

coho salmon (yearling) 3 3 6

spring chinook salmon 0 3 9

IPNV

negative

Cowlitz Salmon

Dwarshak

Kalama Falls

fall chinook salmon 1 2

8

9 negative

steelhead trout 0 4 IPNV

spring chinook salmon 0

coho salmon 12

fall chinook salmon 12

fall chinook salmon 3

12 negative

0 IPNV

0 negative

6 IPNV

coho salmo,l 4 4 IPNVKlickatat

Kooskia

Leavenworth

4

spring chinook salmon 6 1 5 IPNV

spring chinook salmon 12

steelhead trout 9

0

1

0

2

IPNV

negative

Little Whfte Salmon fall chinook salmon

Rocky Reach coho salmon

12 0 0 negative

0 0 12 negative



TABLE 2, k0NT I NUED)

Sandy coho salmon 12 0 0 IPNV

Spring Creek fall chinook salmon 4 5 3 negative

Skamania steelhead trout 12 0 0 IPNV

Toutle coho salmon 9 1 2 IPNV

coho salmon (Montlake stock) 12 0 0 IPNV

fall chinook salmon 0 1 11 IPNV

Tuccanon

Willard

steelhead trout

coho salmon (group II)

coho salmon (group III)

fall chinook salmon

0 10 2 negative

12 0 0 negative

7 0 5 IPNV

12 0 0 negative

Winthrop steelhead trout 10 1 1 IPNV



TABLE 3, INCIDENCE OF INFECTIOUS PANCREATIC NECROSIS VIRUS

IN SELECTED STOCKS OF ANADROflOUS SALMONID SMOLTS AT
COLUMBIA RIVER DRAINAGE HATCHERIES DURING 1978,

All Stations Sampled

TOTAL STOCKS STOCKS WITH INCIDENCE OF
EXAMINED CONFIRMED IPN INFECTION

18 12 67%

A11 Stocks Combined 28 16 57%

Coho Salmon 11 9 82%

Fall Chinook Salmon 8 2 25%

Spring Chinook Salmon 4 2 50%

Steelhead Trout 5 3 60%



give a better understanding of the ecology of the disease
and its impact on anadromous stocks of salmonids.

Infectious hematopoietic necrosis virus (IHNV) is known
to be endemic to the Columbia River basin but is primarily
considered a disease of fry and fingerling chinook salmon
and steelhead trout. Coho salmon appear resistant but can
function as asymptomatic carriers. IHNV is known to enter
into a non-infectious eclipse phase of infection in post-
epizootic or convalescent populations and, as such, cannot
be isolated and identified by routine methods of culture as
applied in this study. In order to get a better understand-
ing of the ecology and overall impact of IHNV on the
anadromous salmonid stocks of the Columbia River basin,
surveillance programs should include testing of ovarian
fluids from adult spawning populations as well as progeny
fry at the swim-up stage as these are the two stages in the.
life history of the fish when the virus is known to exist
in the infectious form. Techniques of serological surveill-
ance using serum neutralization, ELISA, and CIE procedures
should be effective in detecting the virus at these and
other stages when the virus may be present in the non-
infectious eclipse form.

The isolation of infectious pancreatic necrosis virus
(IPNV) from the stocks examined and, in particular the
finding of a relatively high incidence of the viru$ among
the populations in comparison to previous surveillance
studies seems unusual on initial examination. However, when
one considers that IPNV is; 1)known to be endemic to large
areas of the Columbia River basin;
Pacific salmon and steelhead trout;

2) known to infect both
and 3) has been previously

detected in at least ten discrete populations of Columbia
River salmon and steelhead at seven different stations since
1971, the results take on a more consistant image. It is
also noted in this study and in several previous surveillance
studies that IPNV has been isolated only from visceral
tissues of infected returning adult stocks and their 30 to
60 day old progeny fry and not from reproductive fluid
samples. However, our understanding of the epidemiology of
IPNV in anadromous stocks of Columbia River salmon and steel-
head trout seems to be primarily based upon studies which
utilized ovarian reproductive fluid samples exclusively and
were specifically designed to monitor for IHNV. When
McMichael (1974) and Tebbit (1975) sampled both reproductive
fluids and pooled visceral tissues from returning adult
salmon populations, they were able to isolate IPNV from four
discrete populations but all four IPNV isolates obtained
came exclusively from pooled visceral tissue samples while
all of the paired reproductive fluid samples remained
negative for the virus (Tebbit, 1979, personal communication).
This observation would indicate that surveillance studies
based solely upon reproductive fluid samples while being
well suited to the detection of IHNV, may not accurately
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reflect the true incidence of IPNV in a population of asympto-
matic adult carriers.

It should also be noted that McMichxel (1974) consistantlg
failed to isolate IPNV from known infected fry populations
of Pacific salmon after 60 days of age post feeding.
Consequently, surveillance programs based upon the sampling
of fry and fingerling sized fish between 60 days of age and
prior to smoltification may easily fail to detect the
presence of IPNV.

IPhJ7 as well as many other diseases of viral etiology are
known to be stress mediated as well as species and age
specific. The period of smoltification in the life history
of an anadromous salmonid fish is recognized as a major time
of physiological change and stress to the animal, particularly
under hatchery conditions of intensive culture and nutrition.
It is therefore reasonable to assume that this period of
smoltification and physiological stress, particularly when
coupled with major changes in hormonal balances and behavior,
could well exacerbate a preexisting subclinical infection of
IPNV or even increase susceptibility of an uninfected populat-
ion to infection from an endemic source. To the best of our
knowledge, this is the first surveillance study to report on
results obtained specifically from populations undergoing
smoltification.

Another consideration for discussion is the demonstrated
low incidence of IPNV to be found among the asymptomatically
infected populations. Tebbit and Mchlichael (1974) reported
only two of twelve five-fish tissue pools taken from adult
coho salmon returning to Bonneville Hatchery in 1971 were
found to be positive for IPNV. Only six of twelve pools of
tissue from adult coho salmon returning to Cascade Hatchery
in 1972 were pcsitive for IPNV (Tebbit, 1975). In the
present study, seven of the sixteen populations found to
be infected with IPNV demonstrated fewer than half of the
tissue pools to be positive for virus on initial screening.
This finding would indicate that a full 60 fish sample, based
upon hypergeometric sampling statistics, m:y be necessary in
order to consistantly detect the virus. Spot checks of fewer
than 66 fish are apt to miss an infection of low incidence.

A final consideration in the surveillance of IPNV in the
Pacific salmon and steelhead trout stocks of the Columbia
River basin is the demonstrated variability in the occurrence
of the virus between different year classes of a particular
stock. In extensive sampling between 1971 and 1974, McMichael
(1974) and Tebbit (1975) consistantly failed to isolate IPNV
from the same hatchery stocks during subsequent years even
though neutralizing antibodies indicating prior exposure were
at times found to be present. The presence or absence of
IPNV in a particular year class of a given stock of fish may
not necessarily mean that all other year classes of that same
stock will be similiarly infected or free of the disease.

Based upon these observations including the relatively low
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incidence of IPNV both among and within populations of
anadromous Pacific salmon and steelhead trout in the Columbia
River basin, the serological findings of McMichael (1974)
and Tebbit (1975) utilizing neutralizing antibody techniques,
and the variability of clinical infection between the
different life history stages and year classes of a
particular stock, it is suggested that future attempts at
viral surveillance include sampling of both visceral tissues
and reproductive' fluids from spawning populations. Progeny
fry should be examined at 30 days of age post feeding and
fingerling fish at a time just prior to hatchery release
during smoltification. Attempts at isolation from the
various stages in the life history should be coupled with
techniques of serological surveillance based upon serum
neutralization, ELISA, and CIE procedures. All year classes
of a particular stock should be examined over the course of
the study.

The demonstrated  presence of IPNV in smolted stocks of
Pacific salmon and steelhead trout in the Columbia River
basin should be of concern but not alarm to resource manage-
ment agencies. IPNV has yet to be associated with any
significant mortality in stocks of Pacific salmon under
hatchery conditions and is not an altogether common cause
of mortality in stocks of steelhead trout with the possible
exception of one station in Southern Idaho. The disease
does, however, hold the potential for significant losses
of steelhead trout under hatchery conditions and significant
harm to this species. The sublethal impact of the virus on
Pacific salmon throughout their life history, particularly
with regard to ocean survival and adult return, has yet to
be determined.

v. CONCLUSIONS

1. Infectious pancreatic necrosis viru; (IPIW) was
isolated from 16 of 28 stocks of Pacific salmon and steel-
head troutsmoltsat 12 of 18 Columbia River hatcheries in
1978.

2. The presence of infectious pancreatic necrosis virus
(IPNV) in stocks of Pacific salmon and steelhead trout smolts
at Columbia River basin hatcheries in 1978 was not associated
with any significant mortality.

3. Infectious hematopoietic necrosis virus (IHNV) was
not isolated from any of 28 stocks of Pacific salmon and
steelhead trout smolts at 18 Columbia River basin hatcheries
in 1978.

4. Herpesvirus salmonis was not isolated from any of 28
stocks of Pacific salmon and steelhead trout smolts at 18
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Columbia River basin hatcheries in 1978.
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RANGEN RESEARCH HATCHERY
TROUT AND SALMON DIETS l LIVE TROUT

FISH PATHOLOGY l D I S E A S E  CERTlFlCATlON  . CONTRArT  PE:EGLYY

R O U T E  O N E  l TELEPHONE 1208) 837-4464
HAGERMAN, IDAHO 83332

NMFS - MIGRANT SMOLT HEALTH INDEX STUDY

-Field Sampling Procedures-

A. Field Sampling Kit - each field sampling kit consists
of 13 graduated plastic screw-cap tubes of sterile
viral sampling and transport diluent (12 sample tubes
and 1 replacement tube), 1 sample tube shipping rack,
1 preaddressed shipping label for return of field
sampling kit and samples, 1 instruction and field
sampling data sheet, 1 insulated shipping contajner.
This kit is sufficient for sampling a single lot of
60 fish for virus screening. Field kits should be
stored at 4 C. prior to use and at no time should
they be frozen or held above 15 C. Gel packs of
refrigerant should be held in the freezer prior tc
packing for return shipment.

B. Sampling Procedure - 60 fish should be randomly
selected from a defined lot and divided into 12 S-fish
p o o l s . The fish should be sacrificed by a blow to
the head and aseptically opened to expose the kidne:,
and viscera with sterile dissection instruments. Care
must be taken during dissection not to cut into tte
gastro-intestinal tract or otherwise contaminate the
internal tissues. Tissues for viral assay should be
quantitatively sampled with the modified Russion  Tissue
Forceps provided. The forceps should be dipped in
70% isopropyl alcohol and wiped clean to disinfect
between 5-fish pools. Tissues from each fish are
sampled by taking one (1) full forcep of material
and depositing it in the sterile viral sampling
diluent. This tissue volume is critical and the
tissue should only fill the cups of the forceps, no
more, no less. Tissues to be sampled from each of rke
5 fish in the pool in order of sampling are the ii\-er
(being careful to avoid the gall bladder and the
introduction of bile into the sample). the splezr,
(being careful1 to sample as little as possible c-i
associated adipose or fat tissue), and the kid::e>..
After all three tissues from each of the five flsk ix
the pool are sampled and placed in tht> tube CJ?
sampling diluent, the tube is cnpped  tightly and ;‘I:L~.s,;
securely in the tube rack. Snfcp 1rS :lIld di lut>n t S!l<“.ii  2
be kept cool and out of the sun during t?le Pi!Tirt’
sampling procedure.

C. Shipping - When all of the samples ;lrc t:lktln :lr-.d t::t>
field sampling data sheet has been c~~mp!t'tt~d , :I? ;
materials are placr>tl back into the insulnt~~d ~;hi~~;~:::<
container together with sufficient frozen get p:ii‘k
refrigerant to last for 48 hours. The p 1' t' 2 d d I‘ t' 5 ?‘ t' ii
shipping label is pl:lced on the outside cf thta co!!~.~int~r.
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VII. APPENDIX A

Field Sampling Procedures

and the container sent as soon as possible after
sampling the single lot. Shipment should be by either
Grayhound Package Express or United Parcel Service.
Avoid shipping over weekends or holidays. If necessary,
hold samples at 4 C. in a refrigerator and ship on the
following Sunday or Monday.

D. If there are any questions or problems, contact:

Dr. Robert A. Busch
Rangen Research Station
Route 1, Box 264
Hagerman, Idaho 83332

Office: (208) 837-6192
Home: (208) 837-6370

84



VII. APPENDIX A

NMFS - MIGRANT SMOLT HEALTH INDEX STUDY

-Field Sampling Data Sheet-

NhiFS Sample Code:

Sampling Location:

Date: / /

Time: hours

Technician:

Species Sampled:

Original Source and
Identification

Sampling Notations, Observations, Gross Lesions, etc.:-

Virus Disease History: Yes or No

1) Has a virus disease ever been diangosed
in these fish stocks sampled?

2) Has a virus disease ever been diagnosed
at the station of origin of these fish?

If the answer is "yes" to either or both of the above
questions, please indicate which virus disease was
diagnosed, on what date, and by whom:

Sample Shipment Information:

Via:

Point of Origin:

Date: / /

Time: hours

Sample Receipt Information:

Received Date: / /T i m e :

Condition:
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VII. APPENDIX B

Formulation of Medias and Reagents

A. Field Sampling Diluent

Dulbecco's PBS (10X stock)
Gibco #408 100 ml

T/C Grade Water 800 ml
Gentamicin (50 mg/ml stock)

Shering Corp. 4 ml
Amphotericin B (250 ug/ml stock)

Gibco #529L 4 ml
Phenol Red (0.5% stock)

Gibco #510 4 ml

Adjust pH to 7.2 with sterile 1N NaOH

Adjust final volume to 1 liter with T/C
grade water

B. Decontamination Diluent

Dulbecco's PBS (10X stock)
Gibco #408 100 ml

T/C Grade Water 800 ml
Gentamicin (50 mg/ml stock)

Schering Corp. 20 ml
Amphotericin B (250 ug/ml stock) .

Gibco #529L 2 ml
Phenol Red (0.5% stock)

Gibco #510 4 ml

Adjust pH to 7.2 with sterile 1N NaOH

Adjust final volume to 1 liter with T/C
grade water

C. MEM-lo-Tris-PSF Tissue Culture Media

Eagle/Earle MEM (Auto-Pow)
Gibco #410-1700 4.701 g

T/C Grade Water 421.3 ml

Autoclave at 121 C. for 15 minutes

Cool and aspetically add:

Fetal Calf Serum (mycoplasma and virus free)
Gibco #614 50 ml

l-Glutamine (200 nM)
Gibco #503 5 ml

Sodium Bicarbonate Solution (7.5% stock)
Gibco #508 5 ml

Tricine Buffer (1M Tris)
Gibco #573 5 ml

Antibiotic-Antimycotic (100X stock)
Penicillin 10,000 U/ml
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Streptomycin 10,000 ug/ml
Amphotericin B 250 ug/ml

Gibco #600-5240
Calcium Chloride (10% stock)

Adjust pH to 7.2 with sterile 1N NaOH

Adjust final volume to 500 ml with T/C
grade water

5 ml
1 ml

D. PAN/EDTA Dissociation Media

Versene (1:5000 solution)
Gibco #670-5040 100 ml

Pancreatin (4X N.F. reconstituted to
2.5% in 20 ml sterile T/C water)
Gibco #R13-5720-L 4 ml

Phenol Red (0.5% stock)
Gibco #510 0.4 ml
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VII. APPENDIX C

( ) Diagnosis VIROLOGICAL EXAMINATION
( ) Certi f icat ion FISII PATIIOI~OGY LAHORATORY
( ) Survei 1lanc.e HANGEN RESEARCH IIATCllliRY

File No.:

Act. No.:
mpl ing Date: / / Tirnc: hours ‘l’clchn ici an :~-

Recei\?ing Condition: ( > l.ive ( ) fresh No. Sampled:
( ) r-e fr igttratcd

:‘; condition: hours-. - - --c’cCommcn t :

‘I‘i :;s~I(: Yampl od : ( ) whole fish ( ) mixc>d vjs(:(!ra ( ) 1 i \‘er $7,
( ) spleen ( ) p)Floric caeca
( ) ovarian flu?tls ( )

( ) Icidnt!y (1ib- - -
oI.h(~r :

l)o~11 ing: Lot 52 1 I-’ i sh/Poo 1j N o . Pools Lot k? /Fish/Pool ;i:o. Pools

------+--+-------II------I
Inocu 1 ant Preparnt ion:

/ ii11 1 L’txr JSul). vol .! pcn/strt~p my(*ostt:11.
ml stock ml. c;to(*li---- __-. -.. --.-----.- _---,...-. L----

--- -___-_--- ------_- .- - -_--__

PrcJ;3 . Iticubati(~n: “c hours- - -  ___ Inoculaticln  Date: / / T i me : I- _--
t,hnician: I IlC)C : 1’01. : 0.025 0.05 0.1 0.2 r:;1 ( ) 1vet.--__ ( ) ( ”

( ) single ( ) duplic;Lte ( ) microtiter ( ) mill tiwcll ( ) GO mm disl

Absorbtion  Time: min. %.

Cell Line [Passage /Seed Date.I
I

IVessel 1 Growth Temp. 1 Conf. 1 Quality IInc. 1
I I I I I I -

-1

I
\I( ,c.l i 3 : - - -

r.t>t f ’

I

I LP.1

Con t t-01 !‘i rus : -__ -
-_.. I . - -

RI:SUI,TS:

‘n

i i



VII. APPENDIX C

page '2VIROLOGICAL EXAMINATION
(continued)

Serum Neutralization (microculture):

Set-up Date: / /T i m e :hours Technician:

Sample Handling: ( ) raw ( ) filtered ( ) fresh ( ) stored 4 C. r! ny

Neutralizing Antisera: Working Dil.: - -
Working Dil.:

Control Sera: Working Dil.: -
Cell Line Passage Seed Date Vessel Growth Temp. Conf. Quality In;.'

Neutralization: Viral Sup. Working Dilution: Volume: ml

Antiserum Volume: m 1. Ratio:

Incubation Time: min. Temp.: C.

Inoculation: Inoc. Vol.: ml ( ) wet ( ) dry Absorb. Time:mi :I

Media: Lot #:

Control Virus:

Plate Identification: - -

fWELL 1 A B C D E 1 F G H 1
ROW Sample No. (TEST ; I RESULTS

i

1

2

3 -
4 -
5 I !

6 -
7

- - -
8

9

10

11

12

Remarks:

I---

-

I I
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X 706 l 115 13 AVE. SO. l BUHL, IDAHO 83316 l (208) 543.6421

RANGEN  RESEARCH STATION
TROUT AND SALMON DIETS . LIVE TROUT . FISH PATHOLOGY l

DISEASE CERTIFICATION l CONTRACT RESEARCH AND DEVELOPMENT

TELEPHONE (208) 837-6 192 LABORATORY

(208) 837-6 19 I HATCHERY

February 13, 1979

I\Ir . Tony Novotny
National Marine Fisheries Service
P.O. Box 38
Manchester, Washington 98353

Dear Tony;

Enclosed are two (2) copies of the final report on
our contract $2-78 titled: The Surveillance of Viral
Diseases in Selected Hatchery Stocks of Salmon and
Steelhead Trout Smolt in the Columbia River Basin During
1978. I hope that it meets with your approval and is
of pertinence to the parent study with regard to inter-
pretation of the rest of the data. If you have any questions
with regard to the study in general or this report in
particular, please feel free to give me a call.

With regrad to the possibility of a major proposal to
undertake a more complete study on the ecology and
epidemiology of viral diseases, particularly IPhv, among
Columbia River basin stocks of Pacific salmon and steel-
head trout, I have mentioned basic considerations for its
design in the discussion portion of this report and would
be most happy to prepare a detailed proposal should a
source of funding be available.

We have appreciated the opportunity of being of service
to the National Marine Fisheries Service and your Laboratory
during the course of this project. I hope that we have the
opportunity of working together again in the future.

Busch, Ph.D.
Director of Research
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APPENDIX B

BI~MED RESEARCH LABORATORIES

Biological  Testing  - Research & Development

1115 E. Pike Street Seattle, Washington 98122 (206) 324-0380

October 24, 1978

National Marine Fisheries Service
Manchester Marine Research Station
Anthony Novotny
Fisher ies  Research  Bio log is t
P.O. Box 38
Manchester, Washington 98355

SUBJECT: Six groups of salmon with 60 fish in each group
formalin  f i x e d .

METHODS AND MATERIALS:

Six groups of  salmon with 60 f ish in each group were

r e c e i v e d  i n  formalin f i x a t i v e  f o l l o w i n g  a  2 4  h o u r

f i x a t i o n  i n  Bouin’s f i x a t i v e .  T h r e e  b l o c k s  o f  t i s s u e s

were parafin-embeded, sectioned and stained by standard

methods. B l o c k  #1 c o n t a i n e d  t h e  e y e ;  b l o c k  #2 t h e  g i l l

(general ly  the  second g i l l  arch)  and b lock  #3 the

kidney and l iver . Sections from each block were stained

with hematoxylin and eosin, and a gram stain was made

o n  t h e  s e c t i o n s  o f  l i v e r  a n d  k i d n e y .  A l l  b l o c k s  o f

t i ssue  were  prepared  ident ica l ly  except  for  those  o f

the eye. I n i t i a l l y , i t  was  thought  that  only  les ions

within the eye itself would be found, and each eye was

removed from the f ish head before .processing.  It  be-

came apparent that there were important lesions adjacent

to  the  eye , and the sections made late in the study

a l s o  c o n t a i n e d  a  f u l l  c r o s s - s e c t i o n  o f  t h e  h e a d  t o

bet ter  s tudy  these  les ions .
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After  scanning  several  groups  o f  f i sh ,  a  table  o f  the

les ions  be ing  found was  establ ished ,  and the  les ions

categor ized  by  the  sever i ty .  A  minus  (-) indicated

n o  l e s i o n , a  p l u s  (+) i n d i c a t e d  t h e  m i l d e s t  r e c o g -

n i z a b l e  l e s i o n , two,pluses  (++) i n d i c a t e d  i n t e r m e d i a t e

sever i ty  and three  p luses  (+++) indicated  the  most

severe  les ion  found. Gram stains were either positive

or  negat ive .

RESULTS: The lesions found frequently enough to warrent

tabulat ion  are  ident i f ied  on  the  table  for  each  group

o f  f i s h  a s  f o l l o w s :  ( A  d e t a i l e d  d e s c r i p t i o n  f o r  e a c h

l e s i o n  i s  i n c l u d e d  l a t e r . )

1) Eye:

a.  Myo - degenerative and regenerative lesions

in  the  ske leta l  musc le  ad jacent  to  the  eye .

b. Fat -

rates

c .  Misc-

2 )  G i l l :

a. Lymph

b.  Epith

c .  Mist

3 )  L i v e r :

a . F a t  -

-

fat necrosis and inflammatory inflit-

in  the  retrobulbar  fat .

misce l laneous  sporadic  les ions .

- increased numbers of lymphocytes.

- E p i t h e l i a l  c e l l  p r o l i f e r a t i o n .

- misce l laneous  sporadic  les ions .

increased  amount  o f  fat  in  the  l iver
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parenchyma.

b. KD - def in i te  k idney  d isease  w/gram plus

b a c t e r i a .

C. Gran - granulomatous lesions w/out gram plus

b a c t e r i a .

d .  Mist - misce l laneous  sporadic  les ions .

4) Kidney :

a. KD - as in 3b.

b. Gran - as in 3c.

c.Ca - nephroca lc inos is .

5) Gram:

a .  L - g r a m  p o s i t i v e  b a c t e r i a  i n  t h e  l i v e r .

b. K - gram pos i t ive  bacter ia  in  the  k idney .

A two page  table  for  each 60  f i sh  group ident i f ies  each

f ish  and the  sever i ty  o f  any  les ions  notea.  At  the  bot tom

o f  e a c h  t a b l e  i s  a  t o t a l  o f  t h e  l e s i o n s  f o u n d  b y  s e v e r i t y .

A summary table presents the incidence of  lesions within

each group. I t  i s  e x p r e s s e d  a s  a  p e r c e n t  o f  t h e  t o t a l  f i s h

in that group, and again broken down by severity of the

l e s i o n s .

In  general , i t  should  be  noted  that  these  f i sh  were  well-

f i x e d  a n d  p r o v i d e d  e x c e l l e n t  m a t e r i a l  f o r  h i s t o l o g i c a l
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study except when cross-sections of heads were made late

in the study where intracranial hemorrhage was noted,

perhaps as an artifact secondary to being “thumped” on

the head during sampling.

Lesions from Block #l: The  les ions  in  the  ske leta l  musc le

adjacent  to  the  eye  cons isted  pr imari ly  o f  i rregular  loss

o f  m y o f i b r i l l s  w i t h i n  m u s c l e  f i b e r s .  I n  c r o s s - s e c t i o n ,  t h e

sarcoplasm o f  a f fected  f ibers  would  be  e i ther  granular  or

l o s t  c o m p l e t e l y . In  longi tudinal  sect ions  o f  musc le ,  the

muscle f ibers would vary greatly in thickness with sudden

a b r u p t  l o s s  o f  w e l l - d e f i n e d  m y o f i b r i l s .  I n  o n e  c a s e

(#4543, Winthrop Steelhead) marked basophill ia and increased

numbers of  muscle cell  nuclei  indicated an attempted

regenerat ion . The amount of  muscle available for evaluation

v a r i e d  f r o m  s l i d e  t o  s l i d e ;  t h e r e f o r e ,  t h e  e s t i m a t i o n  o f

s e v e r i t y  i s  s u b j e c t i v e , b u t  t h e  t y p i c a l  (+) l e s i o n  i s  a

very mild one.

The lesions of  the retrobulbar  fat can be broken down into

fat  necros is  and actual  in f lammation (pannicul i t i s ) .  In

f a t  n e c r o s i s , var iable  numbers  o f  the  fat  ce l l s  would

c o n t a i n  f a i n t l y  e o s i n o p h i l l i c ,  o f t e n  g r a n u l a r  d e p o s i t s

interpreted  as  the  format ion  o f  soaps  as  the  resul t  o f

fat breakdown. T h e  p a n n i c u l i t i s  c o n s i s t e d  o f  c e l l u l a r

inf lammatory  in f i l t rates  between fat  ce l l s .  Monocytes  and

lymphocytes were the most typica l  in f lammatory  ce l l s  noted .

These lesions were mild and over-1apping;and  it did not

appear important to tabulate them separately.
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Miscellaneous lesions found in block #l from small  numbers

of  f i sh  inc luded several  in f lammatory  les ions  o f  the  eye

i t s e l f . Chronic inflammation with mononuclear cell  infi l -

t rates  were  seen  in  the  corneosc lera l  junct ion  reg ion  o f

s e v e r a l  f i s h , and a more widespread chronic inflammatory

i n f i l t r a t e  w a s  s e e n  i n  t h e  i r i s  a n d  urea1 t r a c t  (irido-

c y c l i t i s )  o f  o n e  f i s h . Another fish had more widespread

chronic  ophthalmit is  invo lv ing  much o f  the  g lobe .  The  opt ic

nerves of  several  f ish contained large numbers of  mono-

n u c l e a r  c e l l s , another f ish had focal  mononuclear cell

in f i l t rates  in  the  choro id  g land,  and another  f i sh  had a

chronic  in f lammatory  inf i l t rate  within  the  wal l  o f  a

retrobulbar  b l o o d  v e s s e l . Intracranial hemorrhage or

meningeal hemorrhage was noted in several fish.

Lesions from Block #2: In m a n y  s e c t i o n  o f  g i l l s ,  i n c r e a s e d

numbers of lymphocytes were noted. Small numbers of lym-

phocytes can be found beneath the gil l  epithelium of almost

any salmon, typica l ly  in  the  areas  where  the  g i l l  f i lament

j o i n s  t h e  g i l l  a r c h .  I n  m i l d  (+) c a s e s ,  t h i s  l y m p h o i d

i n f i l t r a t e  i n c r e a s e s  t o  s e v e r a l  c e l l s  i n  t h i c k n e s s , and

in  more  severe  (++ 4 +++) cases ,  the  mass  o f  lymphocytes

may ob l i terate  a  port ion  o f  the  space  at  the  base  o f  the

gi l l  f i lament  and form recognizable  co l lect ions  o f  lym-

phocytes  h igher  on  the  g i l l  f i lament .

T h e  g i l l  e p i t h e l i a l  p r o l i f e r a t i v e  l e s i o n  t e n d e d  t o  p a r a l l e l

t h e  l y m p h o i d  i n f i l t r a t i v e  l e s i o n s  o f  t h e  g i l l  i n  s e v e r i t y .
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The epi the l ia l  pro l i ferat ion  tended to  deve lope  on  the  t ips

o f  t h e  g i l l  f i l a m e n t s  r a t h e r  t h a n  a d j a c e n t  t o  t h e  g i l l  a r c h .

I t  a lso  tended  to  deve lope  on  the  sur face  o f  the  f i lament

between the  secondary  lamel lae .  In  no  case  d id  th is  les ion

progress  to  the  po int  o f  caus ing  fus ion  between adjacent

g i l l  f i l a m e n t s . Miotic f igures  could  be  found in  the  pro -

l i ferat ing  epi thel ium and o f ten  the  areas  o f  lymphoid

i n f i l t r a t i o n  a n d  e p i t h e l i a l  c e l l  p r o l i f e r a t i o n  o v e r l a p p e d .

The most common sporadic lesion of  the gil ls  was found only

in coho salmon. This lesion is identif ied as BGO in the

tables  because  i t  presents  as  a  basophi l l i c  granular  mass

of organisms up to 40 u in diameter located intracellularly

or  subepithel ia l ly  on  the  g i l l  f i lament  between the  bases

of  secondary  lamel lae  without  any  obvious  ce l lu lar  react ion .

This structure is  gram negative,  and may represent a

microspor id ian  protozoan paras i te .

In the spring chinook and Dvorshak steelhead, a large

c i l iated  protozoan paras i te  was  noted .  This  paras i te  var ied

in size up to approximately 150 microns,  was oval to round in

shape and was covered with ci l ia.  It  was found both free

in the interfilamentous space and also embedded beneath

a  l a y e r  o f  p r o l i f e r a t i n g  e p i t h e l i u m . The Dvorshak and Winthrop

steelhead also had microsporidian protozoan parasites,

differing from the BGO in that they appeared to be surrounded

by a  more  def in i te  cyst  wal l , and the spores within the cyst
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measured two to three microns in diameter. The numbers of

these structures found was soo small  to allow further study.

F i s h  p a r a s i t o l o g i s t s  a r e  b e i n g  c o n s u l t e d  t o  h e l p  i d e n t i f y

these  paras i tes .

Misce l laneous  non-protozoan g i l l  l es ions  inc luded occas ional

fish in which one to several secondary lamellae would have

g r e a t l y  d i a l a t e d  s e c o n d a r y  l a m e l l a r  c a p i l l a r i e s .  O n e  f i s h

had general ized  capi l lary  congest ion  o f  the  g i l l s .  Another

had sludging o f  granulocyt i c  leukocytes  in  the  secondary

l a m e l l a r  c a p i l l a r i e s .

Les ions  o f  the  Liver : F a t  d e p o s i t i o n  i n  t h e  l i v e r s  o f  t h e s e

fish was uncommon, but when present was identified either

as  indiv idual  fat  droplets  in  random hepatocytes ,  or  as  a

descrete  compact  group o f  hepatocytes  f i l led  with  fat

vacuoles .

G r o s s l y  o r  h i s t o l o g i c a l l y  a p p a r e n t  l e s i o n s  o f  corynebac-

terial kidney disease were uncommon in the liver, but when

recognized  cons is ted  o f  areas  o f  necros is  conta in ing  large

numbers of  small  gram positive bacteria.  Also,  noted were

several granulomatous lesions consisting of  compact aggregates

of  macrophages organized into a granuloma,  but without any

detectable  bacter ia  present . Much more common than either of

the prece ’eding lesions was a focal  accumulation of  mono-

nuc lear  ce l l s  (FM)  in  s inuso ids  or  around porta l  t racts .
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Lesions of  the Kidney: The  les ions  o f  corynebacter ia l  k idney

disease and granulomas in the kidney were essentially as

d e s c r i b e d  f o r  t h e  l i v e r . The abundant hematopoietic tissue

made the granulomas more diff icult  to recognize.  Also,

occasionally areas of  disrupted architecture and hemorrhage

were seen. These lesions appeared to be secondary to the

sampl ing  o f  the  k idney  for  the  f luorescent  ant ibody  test

for kidney disease bacteria and were not tabulated.

In  one  f i sh  (#4025, spr ing  chinook) ,  the  k idney  contained  a

f o c a l  a r e a  o f  s p i n d l e - c e l l  p r o l i f e r a t i o n .  T h e s e  s p i n d l e

c e l l s  a p p e a r e d  t o  b e  f i b r o b l a s t s ,  a n d  o c c a s i o n a l  c e l l s  w i t h i n

this  area  contained oval  eos inophi l l i c  intracytoplasmic

inclusion bodies approximately 50 microns in diameter.

Gram Stains: Interpretat ion  o f  the  gram-sta ined  sect ions  o f

k i d n e y  a n d  l i v e r  i s  e x c e e d i n g l y  d i f f i c u l t .  W h e r e  t h e  t y p i c a l

K D  l e s i o n  i s  s e e n  i n  t h e  H 6 E s e c t i o n ,  g r a m  p o s i t i v e  b a c t e r i a

are abundant and readily apparent.  In sections without these

les ions  few def in i te  bacter ia  could  be  recognized .  Nuclear

d e b r i , cellular debri  within kidney tubular lumens, and other

small  fragments of  material  tended to stain gram positive.

The melamin granules of the macrophages also caused some

d i f f i c u l t y  i n  d i f f e r e n t i a t i n g  b a c t e r i a  f r o m  o t h e r  m a t e r i a l .

In  the  d iscuss ion , suggest ions  for  improving  the  accuracy  o f

t h i s  proceedure w i l l  b e  d i s c u s s e d .  W i t h o u t  t h i s  a d d i t i o n a l

work,the percent  o f  l ivers  and kidneys  harbor ing  indiv idual

bacteria cannot be determined. An attempt was made to do so

on the  f i rs t  three  groups  (Carson  coho,  spr ing  chinook and



Dvorshak) but this data should not be entered as it  is  not

s i g n i f i c a n t  ( s e e  d i s c u s s i o n ) .

DISCUSSION:

A detai led  stat is t i ca l  analys is  was  not  attempted,  be ing

better  le f t  to  the  computer ized  data  analys is ,  I t

should be noted that while the lesions were grouped

i n t o  m i l d  t o  s e v e r e  c a t e g o r i e s ,  t h e  (+++) c a t e g o r y

impl ies  the  most  severe  les ion  found,  but  not  necessar i ly

that a severe lesion was found. In general,  even the

most severe lesions seen could not be interpreted as

severe  or  l i fe  endanger ing .  The  s igni f i cance  o f  the

data presented here will come when it is compared with

data  f rom other  s tudies .  There fore ,  th is  d iscuss ion

w i l l  d e a l  p r i m a r i l y  i n  g e n e r a l i t i e s .

In the sections from block #l, the skeletal  muscle

l e s i o n s  o f  t h e  e y e  a r e  i n t e r e s t i n g .  T h e  m i l d e s t  (+)

l e s i o n s  p o s s i b l y  c o u l d  b e  a r t i f a c t  o f  i n a d e q u a t e  f i x -

ation. However, the more severe lesions do not appear

t o  b e  a r t i f a c t , and one case demonstrated regeneration,

i rre futable  ev idence  o f  musc le  in jury .  Also ,  a  more

severe muscle lesion with frank necrosis and mineral-

ization were recently found in salmon which had been

in sea water approximately two months.  This lesion

was a more severe form of the same disease process seen

in  the  f i sh  o f  th is  s tudy,  again  support ing  the

o p i n i o n  t h a t  i t  i s  a  g e n u i n e  l e s i o n .  T h i s  l e s i o n  i n

a mammal would be strongly suggestive of a vitamin E/
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selenium deficiency state,  and has been reported to

occur in f ish although the known reports are not

strongly documented. With  regards  to  further  s tudies ,

some consideration should be given to evaluating the

vitamin E/selenium status of  these f ish.  With respect

to the dif ferences between the groups,  the steelhead

fish have a higher incidence of  these myodegenerative

l e s i o n s .

The lesions in the fat also could have a pathogenesis

involving vitamin E/selenium, s i m i l a r  t o  t h e  s t e a t i t i s

o r  “ y e l l o w - f a t ” disease of mammals. For adequate study

of  both  the  ske leta l  musc le  and fat  les ions  in  t.he

future , cross -sect ions  o f  the  head  wi l l  be  made  to

inc lude  the  eyes , brain and structures adjacent to the

eyes . No parasitic  lesions were found in the eyes,  and

only sporadic mild inflammation was found within the

eyes. The hemorrhage found in the calvarium, when

cross-sections of  the head were made,  are probably the

resul t  o f  t rauma at  the  t ime o f  co l lec t ion .  However ,

because brain hemorrhage is one lesion seen with

thiamine  def i c iency , in the future it  would be best

to avoid trauma to the head to allow better evaluation

o f  t h e  b r a i n .

I n  t h e  s e c t i o n s  o f  g i l l s  ( b l o c k  #2), t h e  l y m p h o i d  c e l l

populat ions  were  qui te  var iable .  Some o f  th is  var iat ion

is  an unavoidable  result  o f  sect ioning  a  g i l l  arch  at

d i f ferent  leve ls  because  the  lymphoid  ce l l  populat ion

v a r i e s  i n  d e n s i t y  a t  d i f f e r e n t  l e v e l s  i n  t h e  gill a r c h ;
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t h e r e f o r e , t h i s  d a t a  i s  s u b j e c t i v e  a n d  t o  b e  i n t e r -

preted  with  some caut ion .  Whi le  d i f f i cu l t  to  acess,

the lymphoid cell numbers do vary markedly and this

data should be carefully compared via computer analysis

with eventual survival data and other parameters

which  may corre late  to  the  overal l  f i sh  heal th .  This

lymphoid tissue would by its location be comparable

to  the  bronchia l -assoc iated  lymphoid  t i ssue  (BALT)

of the mammalian lung. The BALT is the collection of

unstimulated lymphocytes in the peribronchial  t issue

which respond to inhaled antigens by multiplying the

producing  colones o f  memory  T ce l l s ,  and B ce l l s

which  produce  spec i f i c  ant ibodies  against  that  ant igen.

Lymphoid cell  increases noted in many of  these f ish

g i l l s  a r e  a  n o n - s p e c i f i c  i n d i c a t o r  o f  e x p o s u r e  t o

antigens in the water.

T h e  p r o l i f e r a t i v e  l e s i o n  o f  t h e  g i l l  e p i t h e l i u m

suf fers  the  same problems o f  interpretat ion  that  the  g i l l

lymphoid  les ion  d id ,  e .g . t h a t  o f  t h e  p l a n e  o f  s e c t i o n .

Even the  most  severe  (+++) les ion  noted  is  re lat ive ly

mild in degree. This lesion was not associated with

h i s t o l o g i c a l  e v i d e n c e  o f  b a c t e r i a l  d i s e a s e  a n d  i s  a

response to undefined damage to the gil l  epithelium

w i t h  r e s u l t a n t  r e p a r a t i v e  p r o l i f e r a t i o n . This  les ion

could  be  compared  to  the  pro l i ferat ion  o f  type  II

alveolar l ining cells of  the mammalian lung in response

to damage, and is compatible with a very mild form of
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t h e  n u t r i t i o n a l  g i l l  d i s e a s e  d e s c r i b e d  i n  f i s h .  T h e

var ious  paras i tes  o f  the  g i l l s  d id  not  appear  to  be

c a u s i n g  s i g n i f i c a n t  i n j u r y  t o  t h e  g i l l  i t s e l f .  T h e i r

importance may be as a subclinical  disease state which

wi l l  cause  heavi ly  in fested  populat ions  to  be  unable

to  handle  o ther  s tresses  as  wel l  as  less  a f fec ted

populations. For example, the Carson coho may not

do as well as Willard coho when exposed to some

addit ional  insul t  because  o f  the ir  h igher  inc idence

of  the  basophi l l i c  granular  organisms.  These  paras i tes

h a v e  n o t  b e e n  s p e c i f i c a l l y  i d e n t i f i e d ,  b u t  w o r k  i s

cont inuing  in  th is  area .

A rare  f i sh  had great ly  d istended b lood  f i l led

capi l lar ies  in  occas ional  secondary  lamel lae  o f  the

g i l l s . This lesion has been termed "hemorrhagic gil l

d i s e a s e " , and later " t o x i c  g i l l  d i s e a s e "  b y  i n v e s t i -

gators who have produced the lesion with DDT and

a f l a t o x i n s .

I n  t h e  s e c t i o n s  o f  l i v e r  a n d  k i d n e y  ( b l o c k  #3), t h e

i n c i d e n c e  o f  h i s t o l o g i c a l l y  d e t e c t a b l e  k i d n e y  d i s e a s e

lesions was extremely low, as was the incidence of

discrete granulomas. Several  groups  o f  f i sh  had sign-

f icant  a l though mi ld  in f i l t rates  o f  mononuclear  ce l l s .

The spring chinook salmon had the highest incidence of

g i l l  l y m p h o i d  c e l l  l e s i o n s ,  m o n o n u c l e a r  c e l l  i n f i l -

trates in the l iver and granulomas in the kidney.  These

inflammatory lesions may be inter-related and may
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a f f e c t  t h e  o v e r a l l  s u r v i v a l  o f  t h i s  p o p u l a t i o n  o f  f i s h .

The  foca l  mononuclear  ce l l  in f i l t rates  may represent

a proliferation of  macrophages attempting to phagocytize

mater ia l  reaching  the  l iver .  This  mater ia l  could  a lso

be stiumlating the granuloma production in the kidney;

and  there fore , may represent an undetected blood-born

i n f e c t i o u s  a g e n t . While KD organisms could not be

d e t e c t e d  i n  t h e s e  l e s i o n s ,  t h e  c o r r e l a t i o n  o f  t h e s e

h i s t o l o g i c a l  l e s i o n s  w i t h  t h e  i n c i d e n c e  o f  F A  p o s i t i v e

K D  inftcted  f i s h .

The  interpretat ion  o f  gram sta ins  i s  a  de f in i te

problem area. The  data  generated  is  not  re l iab le  in

m y  o p i n i o n  b e c a u s e  o f  t e c h n i c a l  d i f f i c u l t i e s  i n  d i f f e r -

entiating gram plus bacteria from other debri  in the

s e c t i o n s . I  th ink the  accuracy  o f  th is  port ion  o f  the

study could be improved by direct comparison of  serial

f rozen  sect ions  o f  k idney  t i ssue ,  s ta in ing  one  sect ion

with the gram stain and the adjacent section with the

fluorescent antibody technique.  This would need only

be done on a few fish next year with some known

p o s i t i v e s  t o  a l l o w  t h e  p a t h o l o g i s t  t o  c o n c l u s i v e l y

determine how much of the gram plus material is

indeed coryneybacteria. This could be done at no

addit ional  charge , and the gram stains from this years

fish re-evaluated. The frozen section work would also

al low more  prec ise  loca l izat ion  o f  the  bacter ia

within  the  t i ssues .
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The pro l i ferat ive  les ion  in  the  k idney  with  intra-

ce l lu lar  inc lus ion  bodies  may represent  a  v ira l

in fect ion .  The  morphology  o f  the  inc lus ions  i s

similar to mammalial  pox viruses,  A portion of  the

les ion  i s  be ing  processed  for  e lec tron  microscopy  to

b e t t e r  d e f i n e  i t .

SUMMARY: In this study, s ix  groups  o f  s ixty  f i sh  each  were

examined histologically with particular emphasis on the

eye, g i l l , l iver and kidney. Frequent,  but mild skeletal

muscle myodegeneration was seen adjacent to the eye.

M i n i m a l  g i l l  e p i t h e l i a l  l e s i o n s  o f  t h e  “ n u t r i t i o n a l

g i l l  d i s e a s e ” type  were  found in  the  g i l l s ,  a long  with

variable lymphoid hyperplasia and occasional protozoan

p a r a s i t e s .  A  f e w  f i s h  h a d  l e s i o n s  t y p i c a l  o f  “ t o x i c

g i l l  d i s e a s e . ” Rare  les ions  o f  “bacter ia l  k idney

d i s e a s e ” were seen in the livers and kidneys plus some

nonspecif ic  granulomas. The  overa l l  heal th  o f  these

fish appeared good, but the spring chinook had the

highest  inc idence  o f  l es ions  in  several  d isease

c a t e g o r i e s . The gram stain did not prove useful in

detecting low numbers of  gram positive bacteria in.
t i s s u e  s e c t i o n s .

Respect fu l ly  submitted ,

9
&/5!2-~ 7 !!!sL-y.;,

John T. Boyce, D. V. M.
Diplomate, American College
of  Veter inary  Patholog ists
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Willard Coho salmon

4671+
4700 EYE GILL L TVI:R KTDNEY !GRAM

blyo l:AT MISC I,YMI't~I  EPITII MTSC I'AT KD GRAN MTSC KD GRAN Ca L K COMMENTS:-- e-.-
4671 - - - - ++ - - - - -- - A - - -
72- - - + + - -
73-- - - -- -

+ ++ -
74- - - - - - I:: I: ;+I

~~ 751 + - - 1 - - - 1 - - - - 1 _ _ ,-I
761 + + + - -- FN! - - - 1 FN = Focal neuis
77+ - - t + - - - -
78+ - - t + - - - -
9-T-7 ;+ I 1 ; t - - - -

t 000 o- --
----ll - + -

[No liver imbeddgdl
+

-~-~---Y--j'+
+ -

: 1:: 1 I __
-

8.1- -- - - - - -- - -I- __
-~IIIxg y” fi:h f0y-p _ + _ [ _ _ _ _ / _ _ _ 1

I

I
-

-86 + - - - - CG/ _ _ _ _ _ _ _ i --
- -

87- - - + + RCfl+d  - - _ _ - - - 1
CG = Congested gills

- - - r

- - + - _ _ _

_ FM - - -

1:: 1: 1:'1
- -

. .FM = Focal mononuclear cell w" tr

CC = Chronic conjunctivitis -

98 .- gg~ NP fls-h fnufr--w
47ijg'+ - - - - - - - - - - - --.

FINAL TOTALS: I

35 54 46 45 32 51 57 57 55 52 58 26 58r r 1
t

21 4 0 13 24 3 0 0 2 2 0 1 0
++ I

2 0 0 0 2 3 0 0 0 0 01 0
+++

0 0 0 0 0 1 0 0 0 000.
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INDIRECT ~UORESCENT ANTIBODY TECHNIQUE (IFAT) FOR BACTERIAL KIDNEY DISEASE (BKD)
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APPENDIX C. Indirect fluorescent antibody technique (IFAT) for bacterial

kidney disease (BKD).

A. REAGENTS.

1. Rabbit anti-BKD serum. Biomed Research Laboratories (Seattle).

Titer of 1:512. Hold at -2OOC. Store in 0.1 or 0.2 ml aliquots. Dilute

aliquots 1:50 in phosphate buffered saline as needed. Holds for 2 to 4

weeks at 2-~OC.

2. Goat anti-rabbit fluorescein isothiocyanate (FITC). Difco

Laboratories (Detroit). (goat anti-rabbit serum; fluorescein conjugated

IgG fraction). Rei.ydrate  as per instructions. Freeze in 0.1 ml aliquots

until needed.

3. Rhodamine counterstain. Difco Laboratories. Rehydrate as per

instructions. Freeze in 0.1 ml aliquots until needed.

4. Carbonate-bicarbonate buffer (C-BB).

26.5 g Na2C03 with distilled water to 500 ml final volume.

Refrigerate until needed.

21.0 g NaHC03 with distilled water to 500 ml final volume.

Refrigerate until needed.

For fresh C-B buffer, mix 1 part Na2CO3 solution with 4 parts

NaHC03.

5. Phosphate buffered saline (Kawamura's) (PBS).

8 g NaCL; 0.2 g KCl; 1.15 g anhydrous Na2HP04; and 0.2 g KH2PO4

dissolved in 1,000 ml distilled water (pH is 7.2-7.4). Prepare fresh, or

as a lo-fold concentrate without NaCl. Store concentrate at 4OC until

needed; dilute and add NaCl.
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6. Fluorescent antibody (FA) mounting fluid. pH 9. Difco

Laboratories or: 0.5 M carbonate buffer (C-BB) (pH 9.5).....1 volume; plus

9 volumes reagent grade glycerine. Mix thoroughly.

7. Low fluorescence immersion oil.

8. Rabbit antisera for furunculosis or enteric redmouth (ERM)

disease as desired for control tests. Dilute approximately 1:50 with PBS.

9. Normal rabbit antiserum (RAS). Dilute 1:50 with PBS for

control tests.

B. PROCEDURE FOR PREPARING IFAT-BKD SLIDE MATERIAL.

1. Mix 0.1 ml of goat FITC with 0.1 ml of rhodamine counterstain

and dilute with 4.8 ml PBS. This is a 1:20 dilution.

2. The bottom row of the 12 well multi-spot control slide is used

to replicate the following controls on the top row:

(a) goat FITC conjugate only; (b) normal RAS; (c) Furunculosis

RAS; (d) ERM-MS; (e) BKD-RAS; (f) BKD-RAS.

3. Layer a plastic box with wet sponges to provide a moist

chamber, place a wire rack over the sponges, and place the slides on the

rack.

4. Place one drop of dilute BKD-RAS on each kell of the test

groups and the appropriate control wells.

5. Place drops of the appropriate antisera on the remaining

control wells (except the FITC conjugate only).

6. Seal the moist chamber and incubate the slides for 15 to 30

minutes at room temperature.

7. Flush the slides with PBS and transfer to slide staining dishes

,
filled with PBS for 10 minutes.
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8. Remove the slides and dry with a portable (cosmetic) hair dryer

(with no heat).

9. One drop of the goat FITC counterstain conjugate is placed on

each well of both test and control slides, and the slides are returned

to the moist chamber for 15 to 30 minutes.

10. Rinse the slides with freshly prepared C-BB and transfer to

slide staining dishes filled with C-BB for 10 minutes.

11. The slides are blower dried again, and one drop of FA mountant

is placed on each well. Cover slips of 22 x 22 mm and 22 x 50 mm are used

to completely cover the 25 x 75 mm slides. The slips are pressed down,

butted, and small drops of cosmetic nail polish are used on

corners to prevent the cover slips from moving or used to seal the entire

edge. The lacquer is allowed to dry, and the slides are stored

at 4OC until they are read.

c. EXAMINATION OF IFAT-BKD SLIDE MATERIAL.

Generally, slides are read within 24 to 48 hours of mounting, although

no problems have been noted with BKD fluorescence for test storage periods

of mounted material in excess of 30 days at 4OC, provided that the entire

slide is sealed with lacquer.

The microscope used for reading the IFAT-BKD slides is a Zeiss with an

pie-illuminator (UV), 12.5x oculars, and a 100x planachromatic lens with a

numerical aperature of 1.25. Zeiss low fluorescence immersion oil is used.

The control slide is scanned first to ensure that all of the procedures

went normally, and the intensity of fluorescence in the BKD control is

subjectively noted. Generally, there has never been.a problem with the

control slides using this procedure.
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We examined approximately 250 microscope fields (mfs) of anterior and

posterior kidney in the slides from the first groups of fish. However, we

noted that if any BKD organisms were going to be encountered, it would

probably be within the first 100 mfs. Therefore, we felt that we could

safely reduce the field scanning to 150 mfs, and all slides are now

examined in this manner. Currently, we are also counting the number of BKD

organisms/l50 mfs's in an attempt to determine the relative intensity of

infection.

The only serious BKD-RAS cross-reactivity that was occasionally

encountered was a bacillus that was easily recognized by its large size (2

to 3 times that of BKD) and perfect shape.
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APPENDIX D

ANALYTICAL PROCEDURE FOR MEASURING GILL NA+-K+ ATPASE ACTIVITY
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APPENDIX D. Analytical Procedure for Measuring Gill Na+-K+ ATPase

activity.

ENZYME PREPARATION

For ATPase determinations, samples of gill filaments were thawed and

briefly homogenized in a conical glass homogenizer (7 to 12 strokes). The

homogenizer was reused with 1 ml SE1 which was then added to the original

homogenate. The combined value (2 ml total) was placed in ice water in a

centrifuge tube. To each 2 ml volume of homogenate was added 2 ml

distilled water and the contents were mixed. The homogenates were

centrifuged (room temperature) at approximately 3,900 rpm (2,000 RCF) for 5

minutes (some homogenates from chinook salmon required 7 minutes), after

which the supernatant liquid was decanted and discarded. The pellet was

suspended in 0.5-0.8 ml (depending on size) of a solution containing 0.3M

sucrose, 0.02M EDTA, O.lM imidazole, and 0.1% deoxycholate, pH 7.0 (room

temperature) by thorough homogenization in a conical glass homogenizer (30

strokes). The suspension was centrifuged (room temperature) at 3,900 rpm

(2,000 RCF) for 5 minutes. An appropriate volume of the resulting

supernatant liquid was withdrawn, placed in a small test tube on ice, and

then used as the enzyme preparation.

ATPASE DETERMINATION

Na+-l? ATPase activity was calculated as the difference between

activities observed in the presence and in the absence of ouabain. One set

of reaction mixtures (0.65 ml in each test tube) consisted of (mM) MgC12,

23; NaCl, 115; CKl, 75; imidazole, 115; and ouabain, 0.58; adjusted to pH

7.0. A second set contained the same volume and reagents without ouabain.

126



Appropriate reagent blanks were included. All tubes containing the above

solutions were placed in an ice water bath. Enzyme preparation (10 ml) was

added to all reagent tubes followed by 0.1 ml of 0.03M Na2ATP (adjusted

to pH 7.0). The rack of tubes was then withdrawn from the ice bath,

shaken, and placed in a constant temperature, circulating water bath at

37OC for 10 minutes. After the incubation period, the rack was again

immersed in the ice bath. After reaction mixtures had thoroughly chilled,

0.1 ml 17.5% HC104 was quickly added to each tube, followed by 1.75 ml

deionized water (room temperature) and 3.0 ml 2-octanol. All tubes were

then placed in a specially  constructed wooden rack to facilitate

extraction. Without delay, 0.25 ml ammonium molybdate reagent was

dispensed into each tube. The tubes were then covered with a sheet of

plastic film. A wooden lid containing plastic foam was placed atop the

plastic film (foam in contact with plastic film) such that pressure applied

to the lid formed a seal over each tube. The rack of tubes was then shaken

vigorously for 30 seconds to extract the phosphomolybdate complex into the

octanol phase. The lid and plastic film were then removed and 0.5 ml

citrate'reagent added to each tube. A new sheet of plastic film was placed

over the tubes and the extraction process repeated for 30 seconds.

Molybdate reagent was prepared by adding 200 ml concentrated HCl to

58.4 g (NH4) 6 MO7 024 4.H20 (ammonium molybdate), dissolving

completely, then adding deionized water to 1 liter. The citrate reagent

contained 143 g citric acid (H2CeH507.H20) per liter, adjusted to

pH 2.9 with NaOH (approximately 14 g).
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Following the extraction procedure, all tubes were centrifuged briefly

to facilitate complete separation of the aqueous and organic phases. The

rack of tubes was then placed in a water bath (27'-28'~~)  to maintain

constant temperature while determining absorbance. Aliquots of the octanol

layer were withdrawn and read in a Beckman DB spectrophotometer at 312 mu

(UV) against a reagent blank. Appropriate standards containing known

quantities of phosphate were used to determine amounts of phosphate

liberated from ATP during the reactions. Molar absorptivity of the

phosphomolybdate complex under these conditions is 20,400. Protein

concentrations in the enzyme preparations were determioned by the method of

Lowry et al. (1951) as modified by Miller (1959), using bovine serum

albumin as a standard. Each assay contained 25 ul of the enzyme

preparation.

ATPase activities were calculated and expressed as micro-moles (urn) ATP

hydrolyzed per mg protein per hour. Na+-K+ ATPase activity is the

value determined in the reaction containing no ouabain minus the value

obtained in the reaction with ouabain present.
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INTRODUCTION

The National Marine Fisheries Service (NMFS), under contract to the

Bonneville Power Administration, is conducting research on imprinting

salmon and steelhead for homing (Slatick et al. 1979, 1980; Novotny and

Zaugg 1979). The studies were begun with little background knowledge of

the effects of disease or certain physiological functions on imprinting and

homing in salmonids. Consequently, work aimed at filling this void was

begun by the authors in 1978 (Novotny and Zaugg 1979) and continued in

1979.

In 1979, we examined random samples of normal populations of homing

test fish at the hatcheries to determine the physiological readiness to

migrate and adapt to seawater and general fish health. At the Manchester

Marine Experimental Station, Manchester, Washington, we determined the

survival of samples of the test fish maintained in marine net-pens after

release from the hatcheries. Hatcheries and stocks sampled are listed in

Table 1.

The data collected from random samples were as follows:

1. Physiology.

Gill Na+-K+ ATPase . Abnormally low values could be indications

that the fish were either in pre- or post-smolt condition, or had been

stressed in some way.

Plasma electrolytes. Lower than normal values of Na or Cl could

indicate immediate problems of osmoregulation when the fish were introduced

to seawater; high values may indicate some dehydration due to stress.

Increases In levels of K can indicate kidney failure or nitrogen

supersaturation stresses.
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Table l.-- Hatcheries and stocks sampled in the 1979 homing studies.

Hatchery

a/
Date- Date of"Date of" Hatchery

Pathology arrived at viral blood Date transferred ATPase release
Species tag no. Manchester assay sampling to seawater pens profile dates

I Chelan-
; Leavenworth

Steelhead 6101-6160 4125179 4/26/79 4/26/79 4127179 Yes 4126179

Wells-
Winthrop

Steelhead 3001-3060 5/10/79 5/11/79 5/11/79 5112179 No 5/g/79

acd
ul

Tucannon

Carson

Steelhead

Spring

chinook

6801-6860 5/14/79 5/16/79 5/16/79 5/16/79 Yes 5/17/79

6401-6460 5/01/79 5/04/79 5/04/79 5103179 Yes 5108179

Big White Salmon Fall chinook 6301-6360 5/18/79 5/19/79 5/19/79 5122179 Yes 5121179

a/ Held in fresh water at Manchester for sampling nrior to transfer to seawater pens.-



Hematocrits and hemoglobins. Values below or above normal ranges

usually indicate anemia or dehydration, which can reflect nutritional

disease or physiological changes.

2. Fish health

The incidence of diseases during freshwater rearing, as reported in

hatchery records describing the treatment of fish,were examined.

The extent of latent bacterial kidney disease (BKD) as determined by

indirect fluorescent antibody technique and the presence (or absence) of

certain pathogenic viruses were of particular interest.

A histological determination of significant lesions or abnormalities

in tissue from the gill, eye, liver, kidney, thyroid, brain, and olfactory

sac was undertaken.

3. Survival in seawater net-pens

Periodic assessments of survival and growth were made, and the major

causes of mortality were determined.

These surveys were conducted to provide a documentation of the health

and physiological (smolt) condition of the populations of fish involved in

the tests, especially at the time of imprinting and release, When the

marked adult fish return, the data analyzed from the health and physiology

surveys should provide us with information that would indicate any adverse

influence on survival. Low survival in the marine net-pens caused by poor

health or a low percentage of fish transformed through the smolting stages

could bias any attempts to relate returns to imprinting.

METHODS AND MATERIALS

Hatchery Sampling

The sampling of fish from the hatchery stocks for health profiles was

based on a combination of statistics and economics. Random sampling from



populations ranging as high as 100,000 or more showed that a population

with a disease incidence of 5% or greater can be detected from a sample of

60 fish (Ossiander and Wedemeyer 1973). Health survey samples of 60 fish

were taken at the hatcheries, and held in circular tanks in fresh water at

Manchester. In most cases, the tissue and blood samples were collected

within 24 hours after arrival at Manchester.

Sampling for Physiology ,

Plasma Electrolytes

Sodium, potassium, and chloride ion levels in plasma were determined

for the Wells Dam Hatchery steelhead,  Salmo gairdneri,  and Big Creek

Hatchery fall chinook salmon, Oncorhynchus tshawytscha , near the time of

release. Profiles of plasma electrolytes of the Tucannon and Chelan

Hatchery steelhead and Carson Hatchery spring chinook salmon were

determined in fresh water and during seawater culture at Manchester.

Plasma sodium and potassium values were determined by atomic absorption

spectrometry and chlorides with a chloridometer.

Gill Na+-K+ ATPase

During 1979, selected stocks of fall and spring chinook salmon and

steelhead trout being reared for release at state and federal hatcheries in

the Columbia River drainage were monitored for changes 'in gill Na+-K+

ATPase to evaluate the state of smoltification at release.

From tagged releases, we determined the relationship between the state

of smoltification at release and length of migration time from the hatchery

to the estuary.

At approximately 2-week intervals during the spring and summer of

1979, 30 fish were removed by dip net from representative ponds or raceways

at Tucannon, Carson, Leavenworth (Chelan), and Big White Salmon Hatcheries.
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Steelhead from the mlis Dam rearing ponds were sampled only at release.

Ten groups of three fish each were anesthestized or killed by a blow on the

head at each sampling. After weights and/or fork lengths were determined,

approximately equal quantities of gill filaments were removed from the gill

arches of each of the three fish in the group (total weight of gill

filaments-O.1 to 0.2 g) and processed as described in our previous report

(Novotny and Zaugg 1979).

Disease Sampling

Life History of Hatchery Juveniles

Husbandry techniques, disease, and environmental history may have

deleterious effects on fish health and smolt quality (Wedemeyer et al.

1979~ Folmar and Dickhoff 1979). Many chemotherapeutic compounds used in

the treatment of parasitic and bacterial diseases of fish may affect

smoltification  (Lorz and McPherson 1976), and subclinical infections may be

exacerbated by the stress of seawater entry.

The information (Table 2) was obtained from hatchery management and is

self-explanatory. Where information was not obtained, the entries have

been left blank.

Blood Sample Collection

The fish were lightly anesthetized in an aerated 1:20,000 solution of

MS-222. In the larger fish, blood was sampled from the caudal arch with a

1 cc heparlnized syringe and a 25 gauge hypodermic needle. Small fish were

bled by severing the caudal peduncle and collecting the blood in

heparinized capillary tubes.

Blood samples taken for hematocrits (packed cell volume) were
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T a b l e  Z . - - D i s e a s e  a n d  l i f e  h i s t o r y  d a t a  o f  j u v e n i l e  salmonids  d u r i n g  freshvater  r e a r i n g .

Hatchery Stock

Percent S i z e  a t Date
Date Date Water Water m o r t a l i t y r e l e a s e r e l e a s e d

Agency s p e c i e s egg take ponded Feed s o u r c e temp. OF (all c a u s e s ) (no./lb.) (1979)

Chelan- Chelan WDG
Leavenworth

Wells-Winthrop Wel l s WLIG

Tucannon Skamania WDG

Carson Carson USFWS

B i g  W h i t e  S a l m o n  S p r i n g  C r e e k  USFWS

Steelhead  ---- ----

Steelhead  ---- ----

Steelhead  ---- ----

Spring AupJs t January om 6 S p r i n g  L
Chinook 1977 1970 Dry R i v e r

F a l l S e p t e m b e r  - - - - OMP 6 Ground Water
Chinook 1978 Dry C R i v e r

Dry 6
OW

River

D r y  C W e l l  C R i v e r
OHP

Dry &
OKP

R i v e r

34-56 15:4 4 . 0 4126179

$50 - - - - 4 . 7 s/09/79

40-62 22 .0 11 .4 5/17/79

41-52 4 7 . 0 16 .5 5/02/79

42-52 7 . 6 6 9 . 0 5/21/79

a /  B a c t e r i a l  g i l l  d i s e a s e .-



centrifuged in microhematocrit tubes for 3 minutes in a Clay-Adams Autocrit

I$./ (Snieszko  1960).

Blood samples for hemoglobin determination were either read directly

with an A-O hemoglobinometer or collected in 20~1 capillary tubes to

determine hemoglobin concentration by the calorimetric method described by

Bauer (1970).

Viral Assays

In 1978, liver, spleen, and kidney tissues from 60 fish in each test

group were sampled, pooled in 12 tubes of 5 fish each, and screened by a

private laboratory (Rangen Research Laboratories) for viruses. In 1979,

the tissue samples from each fish were aseptically divided into equal

portions. One lot was submitted to Rangen Research Laboratories and the

other to the National Fisheries Research Center. The results of these

independent tests are reported in Appendix A.

Histopathology

Sixty individually numbered fish of each test group were preserved in

fixatives and submitted to Bio-Med Research Laboratories. Gill, liver,

eye, kidney, thyroid, brain, and olfactory tissues were sectioned,

appropriately stained, and examined for any pathologic lesions or

abnormalities. See Appendix B.

Bacteriological Assays

The sensitive and highly specific indirect fluorescent antibody technique

(IFAT) was used to diagnose latent Bacterial Kidney Disease (BKD) in

hatchery populations.

The individually identified fish were opened ventrally and the kidney

11- Reference to trade names does not imply endorsement by National Marine
Fisheries Service, NOAA.
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exposed. Thin smears of anterior and posterior kidney tissue were made on

multi-spot slides after piercing the kidney with a sterile inoculation

loop. The slides were air-dried and fixed in reagent grade acetone for 10

minutes. The acetone fixed slides were stored at -2O’C until they were

examined. Prior to the sampling season, 40 positive control slides were

prepared in the same manner and stored at -2OOC. The control slides were

prepared from a clean kidney lesion from a spring chinook salmon from

Carson National Salmon Hatchery that was tested and confirmed to have high

numbers of BED organisms.

The IFAT for BED was originally described by Bullock and Stuckey

(1975) and later modified by G. W. Camenisch (unpublished report) of the

U.S. Fish and Wildlife Service (FWS), Eastern Fish Disease Laboratory. The

complete procedure used in this study is described in our previous report

(Novotny and Zaugg 1979).

All dead and dying fish in the seawater pens were collected daily.

Each fish was opened from the vent, external and internal lesions noted,

and the procedures for culturing vibriosis and other gram negative bacteria

(Novotny, Harrell, and Nyegaard 1975) were followed.

The postmortems were classified as follows:

1.

2.

3.

4.

5.

6.

7.

Negative (cause of death not determined).

BKD (from lesions).

Vibrio anguillarum--serotypes  775, 1669, or 7244.

Vibrio sp.

ERM (enteric redmouth).

Furunculosis.

Aeromonas hydrophilia (ex liquefaciens).-
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RESULTS AND DISCUSSION OF HATCHERY STEELHEAD SURVEYS

Chelan Hatchery (Transferred to Leavenworth Hatchery) Steelhead

Gill Na+-K+ ATPase

Since the phenomenon of elevation in gill sodium, potassium stimulated

ATPase (Na+-K+ ATPase) activity was first reported to be associated

with parr-smolt transformation in steelhead (Zaugg and Wagner 1973) and in

in coho salmon, 0. kisutch, (Zaugg and McLain 1970), numerous experiments

have been conducted to verify these results and extend observations to

other species. As a result, it has been conclusively shown that the rise

in gill Na+-K+- ATPase activity is one of the many physiological changes

which occur at the time of parr-smolt transformation.

The average gill Na+-K+ ATPase activity of Chelan Hatchery

steelhead sampled in 1979 at Leavenworth Hatchery was not substantially

different from 1978 (Table 3). Gill Na+-K+ ATPase showed only a small

rise in late April (Figure 1) with a peak mean value of 9.4. The absence

of a greater increase in activity may have resulted from water temperatures

which remained at the upper limit (13°C) for good smoltification during

late April and May (Zaugg et al. 1972). The average fork length (20.8 cm)

was similar to 1978 (21.0 cm), but the average weight (98.1 g) was up from

1978 (79.4 g).

Plasma Electrolytes

A compilation of data on rainbow trout by Miles and Smith (1968) and

Hickman et al. (1964) suggests expected normal or near normal plasma

electrolyte values in fresh water of 130 to 172 meq (milliequivalents)/l

for Na+, 1.4 to 6.0 meq/l for k, and 111 to 155 meq/l of Cl'.

Table 4 lists some known values for steelhead trout from available

published literature, including data for the Dworshak Hatchery steelhead
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Table ).--Fish health and physiolqlcal data for the 1979 hoalns study fish. and a congarison with the 1978 homing studv fInh.?/ 

Pl”sma sl~crrolvlcs )! 
B-day nest <ea”ater Fcak owll) 

entry gill ATPare frc.lhultcr RI11 Hc.atolo~Ical dat. 
I of ,.tent BtD detectable *TFase aCtiVitT- (taken .r Wnchester 
-!n the kidney by IFAT 

a”~;~‘-35’ 
P EP moles pilmg yrlh upon mriv.1) Ys Cl I: _- - 

!kan nm- 

Either/ hcoetocrit hemfilobin 

z-cck and specter Te.r htrrlor Fostrrlor Both both ?(,n. Max. I SO~J~Crc 
Activity 

x value 2) I 1100 ml n si SD n x SD n x SD -- 
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Table 4 .--A summary of plasma Na+, K+, and Cl- values in steelhead trout (from published sources).

Condition Na+ cl- K+ Reference

June-July (55 g fish)
Laboratory Freshwater !i = 162 range: 140-160 2 = 6.0 Houston (1959)
test Saltwater x = 170 137-185

(after 36 hours)

March-llay (13-15 cm fish)
1 Laboratory tests Freshwater

(range of mean values)

Spring 1975
Dworshak Hatchery
(at release)

;
Captured at Little Goose Dam

ul
(downstream from Dworshak)

Laboratory tests
(control groups-Spring)

102-149 105-161

7 = 134.2
range: 128-138

x = 134.2
range: 128-141

Conte and Wagner (1965)

Newcomb (1978)

Mean values range from:
159 to 169 133 to 138 2.6 to 4.3

Newcomb (1978)

Individual values range from:
155 to 182 128 to 144 2.3 to 5.2



(Newcomb 1978). Newcomb's data are extensive, represent reasonably large

sample sizes (15 to 25), and are probably good approximations of Columbia

River steelhead.

The mean plasma Na+ and K+ values of the Chelan Hatchery steelhead

were within normal limits (Table 3, Figure 2) at the time of release. The

Na+ levels increased in seawater, but returned to normal (in the

survivors) after 1 week.

Hematology

There is considerable hematological data in the literature for rainbow

trout, less for steelhead trout. From the data summarized in Table 5, it

may be possible to estimate the range of hematocrit and hemoglobin values

for healthy steelhead. The lower limit of mean hematocrit should not fall

below 30X, and mean hemoglobin values below 6 would certainly be suspect.

Upper levels are more difficult to define. Snieszko (1960) reports mean

hematocrits of 53% and mean hemoglobin levels of 8.7 g/100 ml of blood in

rainbow trout of a size comparable to large steelhead smolts. Although our

values on steelhead trout (Table 3) were much closer to Snieszko's, Newcomb

(1978) reported mean hematocrit levels in steelhead similar to that found

by other researchers working on rainbow trout (Table 5). A number of

authors (McCarthy et al. 1973; Wedemeyer and Nelson 1975: Wedemeyer and

Yasutake 1977) repeatedly suggest that the hematocrit levels of clinically

healthy rainbow trout should be between 24 and 43%, with hemoglobins

ranging from 5.4 to 9.3 g/100 ml blood, and these values will be used as

the expected range for individual fish for the purposes of this report.

The summarized data of the hematocrit and hemoglobin values for the

Chelan Hatchery steelhead are presented in Figure 3. There was no

difference in mean hemoglobin between 1978 and 1979 (8.9 g/100 ml) nor in
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Figure 2. --Mean plasma Na+ and K+ levels in Chelan Hatchery steclhead sampled in
fresh water at Leavenworth Hatchery and during seawater culture at Manchester.
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Table 5.--A summary of hematocrit and hemoglobin values for rainbow and steelhead trout (from published sources).

Hematocrit Hemoglobin
Source of data % (g/100 ml blood) References

Rainbow trout x = 31.6
S.D. = 2 0.3

x= 7.4
S.D. + 0.15-

Houston and DeWilde (1968)

Rainbow trout

Rainbow trout
(Ramloops strain)

Rainbow trout
(Shasta strain)

Rainbow trout

A
(average 14.2 cm)

(average 23.5 cm)

Steelhead trout
At I)worshak  Hatchery (Spring)

At Little Goose Dam (Spring)

Laboratory tests (Spring)

x= y=
28.2 to 31.7 6.5 to 7.7
(Individuals:) (Individuals:)
(11 to 44% ) (2.2 to 13.0 )

x = 39.5
(30 to 49)

x = 34.1
(24 to 43)

x = 45.3

x= 53.0

x= 40.3
(36 to 47)
X = 35.6
(28 to 44)
X = 31 to 37.8
Individual range : 28 to 45

Barnhart (1960)

x= 7.5
(5.2 to 12.9)

McCarthy, et al. (1973)

? = 7.6
(5.4 to 9.3)

Wedemyer and Yasutake (1977), and
Wedemyer and Nelson (1975)

-- Snieszko (1960)

x= 8.7

Newcomb (1978)
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the range of values. Mean hematocrit in 1979 (49.8%) was slightly higher

than in 1978 (43.4%), and 85% of the fish had hematocrits above the

expected maximum of 43% (for rainbow trout) in 1979 compared to 50% in

1978. None of the hematocrits or hemoglobins fell below the minimum

expected values.

Viral Screening

Both Rangen Research Laboratories and the National Fisheries Research

Center (USFWS) indicated that no IPN virus was present in the Chelan

(Leavenworth) Hatchery steelhead.

Indirect Fluorescent Antibody Test for Bacterial Kidney Disease.

One posterior kidney smear (1.7%) was found to have a few BKD organisms

in the Chelan (Leavenworth) Hatchery steelhead.

Histopathology

A detailed report on the examination and interpretation of selected

tissue sections from the random samples is presented in Appendix B. A

summary of the pathological conditions observed, their severity, and their

frequency of occurrence is presented in Table 6. The severity is ranked

as: I--recognizible  (least severe), II--intermediate, and III--severe.

Note that the incidence of rank II and III severity was low for all

conditions encountered (Table 6).

The major pathological conditions encountered in the Chelan

(Leavenworth) Hdatchery  steelhead were of lymphocyte infiltration and

epithelial hypertrophy in gill tissue and the presence of sporozoan

parasites.

Records (Table 2) indicate the total mortality in the hatchery was

15%.
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Seawater Adaptation

At the time of introduction to seawater, the test group contained

mostly transitional and smolted fish, with 7% classified as precocious

males. These precocious fish had all died by 82 days of seawater

residence. Cumulative losses due to osmoregulatory dysfunction during the

first 30 days in seawater were about 28% in spite of 48% of the fish being

smolted at seawater entry. Reversion from an apparent smolt or

transitional stage to a transitional or parr stage, did take place after 82

days in seawater. This suggests that those fish which were judged to be

smolts based upon external characteristics were not physiologically true

smolts, or that high seawater temperatures may have forced reversion.

Vibrio Strain 775 was the bacterial pathogen most commonly isolated

from moribund fish. The 300day survival was 59%, and the survival after

completion of the tests (207 days) was only 8% (Table 7).

Wells Hatchery (Transferred to Winthrop Hatchery) Steelhead

Gill Na+-K+ ATPase

In 1978, Na+-K+ ATPase activities were determined on representative

samples of Wells Dam Hatchery (rearing pond) steelhead, sampled at Winthrop

Hatchery on 3 May. These fish had average gill Na+-K+ ATPase activity

of 17.0 (2 5.1), with values ranging from 11.6 to 26.6. The sampled fish

averaged 22.5 cm fork length and 102.2 g body weight and were judged to be

in a good smolted condition.

In 1979, the average length and weight of samples transferred to

Manchester were 21.7 cm and 97.0 g (respectively) on 11 May 1979. The

average gill Na+-k ATPase activity from Wells Hatchery fish at

Winthrop Hatchery on 19 May was 16.5 (5 9.2), with values ranging from 8.2

to 37.1.
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Tab le  7.--SurvFval  during  s e a w a t e r  c u l t u r e  p e r i o d s  a n d  c a u s e s  o f  m o r t a l i t y .

S e a w a t e r  s u r v i v a l  i n  n e t - p e n s C a u s e s  o f  m o r t a l i t y  durinp, s e a w a t e r  c u l t u r e

(sttrt)
S u r v i v a l N Days x x N e g a t i v e  f o r

(X)  3 0  d a y (end) i n s u r v i v a l m o r t a l i t y pathogenic BKD Vibrio EKM  Furunculosls  O t h e r
Stock and species a n d  d a t e  oost e n t r y  a n d  d a t e seavater to end per day bncteria  (X) (X) (X) (Z) (%) (U

Chelan-Leavenorth 200 59 16 207 8 . 0 0 .44 3 .4 0 34. a 0 0 6 1 . 8
steelhead 4-27-  79 ll-20- 79

Wells 200 1 7 . 5 9 193 4 . 5 0 .49 0 0 . 7 4 . 6 0 0 9 4 . 0
steelhead 5 -11 -79 ll-20-  79

Tucannon 200 4 8 . 5 37 190 18 .5 0 . 4 3 10 .0 0 26 .7 1 . 7 0 6 1 . 7
steelhead 5 -15 -79 U-19-  79

Carson 200 56 .5 61 202 20 .5 0 .39 Numbers examined were not s u f f i c i e n t t o e v a l u a t e .
spring chinook 5- 02- 79 11-20-79

Big White Salmon 150 9 3 . 3 11 189 7 . 3 0 .49 7 . 1 0 85 .7 0 0 7.1
f a l l  c h i n o o k 5 -21 -79 11-26-79



Plasma Electrolytes

AS in 1978, there were noticeable differences in the plasma

electrolytes of the Wells-Winthrop Hatchery steelhead when compared to the

other steelhead stocks in these studies (Table 3). There was only one

sample taken (at the time of release), but this stock again had the lowest

mean Na' and K+ values, even lower than in 1978 (Table 3).

There were no differences in transportation techniques or water

quality in 1979 between stocks, thus no obvious stresses were involved.

In 1979, plasma chloride was also measured. In 1978, the mean plasma

chloride level (108 meq/l) was below the expected value of 111 meg/l for

healthy rainbow trout. In 1979, none of the chloride values (K = 133

meq/l) were below normal.

Hematology

The hematocrit and hemoglobin data for the Wells Hatchery steelhead

are presented in Figure 4. In 1978, the Wells Hatchery steelhead had the

highest mean hematocrit and hemoglobin values of any of the steelhead

stocks that we studied (Table 3). In 1979, 84.9% were above the expected

maximum (43%) hematocrit level and 51.7% above the maximum expected 9.3

g/100 ml blood hemoglobin value. None of the hematocrit or hemoglobin

values were below the expected minimums.

Viral Screening

Rangen Research Laboratories reported IPN virus in 12 out of 12 pooled

samples in the Wells Hatchery steelhead, and the National Fisheries

Research Center (USFWS) reported all samples negative for IPN virus.

Indirect Fluorescent Antibody Test for Bacterial Kidney Disease

Two out of 60 fish sampled (3.3%) from the Wells (Winthrop) Hatchery

steelhead were found to have light BKD infections in anterior or posterior

kidney.
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Histopathology
.

The major pathological conditions encountered in the Wells (Winthrop)

Hatchery steelhead were increased numbers of lymphocytes and epithelial

hypertrophy in gill tissue (Table 6).

Seawater Adaptation

At entry to seawater, Wells-Winthrop Hatchery steelhead were primarily

of transitional stage fish, based upon external characteristics. The

cumulative mortality within 30 days of seawater residence attributable to

osmoregulatory dysfunction was 73%. Vibriosis accounted for most of the

other mortalities for the remainder of the study. The presence of

precocious males was not a problem in this test group. The survival to

test completion (193 days) was only 5% (Table 7).

Gill Na+-K+ ATPase

Tucannon Hatchery Steelhead

The gill Na+-K+ ATPase profile of summer-run steelhead from the

Tucannon Hatchery in fresh water was qualitatively similar to that observed

in 1978 with a distinct peak in enzyme activity in early May (Figure 5)

followed by a sharp decline. A typical pulse of Na+-K+ ATPase activity

was observed when these fish were transferred to seawater at Manchester.

Little change occurred until the fourth day when activity began to rise

(Figure 5). Fish held at the hatchery and sampled just 5 days after

release of the main group averaged 17.2 cm fork length and weighed 43.1 g.

This was down from the average lengths and weights of 19.5 cm and

65.9 g, respectively, at the same time in 1978.

Plasma Electrolytes

The summary data for plasma electrolytes at the time of release are

listed in Table 3. The mean values for Na, K, and Cl of the Tucannon

156



T Hatcherv  release date

2 5
r
2
f
.$
‘, 2 0
f5

Fii
s 15
5
E
,z
1
:z 10
0
I

a”

2 5
+
Y
!
z”

0 L

20
March

I

3 0
I 1 I I I I

9 19 2 9 9 19 2 9
April May

1979

Figure 5.--Gill Na+-I? ATPase activity (means and standard deviations) of
the Tucannon Hatchery steelhead in fresh water and seawater.
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Hatchery steelhead fall within the expected ranges for rainbow trout.

There was little difference in the mean Cl and K values between 1978

and 1979 (Table 3). In 1978, 43.3% of the Tucannon Hatchery samples were

below the minimum range reported for K in rainbow trout.

The plasma Na and K profiles of the Tucannon Hatchery steelhead in

both fresh and seawater appeared to be within normal ranges (Figure 6).

There was a typical rise in Na and K followed by a drop within the first

week after transfer to the seawater pens, and a return to normal in the

surviving fish after this initial stress period.

Hematology

The summarized data of the hematocrit and hemoglobin values for the

Tucannon Hatchery steelhead are presented in Figure 7 and Table 3. The

mean hematocrit was slightly higher in 1979 than in 1978 and the mean

hemoglobin value was slightly lower than the 1978 mean.

Viral Screening

The National Fisheries Research Center (USFWS) reported all Tucannon

Hatchery steelhead samples tested as negative for IPN virus. Rangen

Research Laboratories reported IPN virus in 1 out of 12 pooled samples

tested.

Indirect Fluorescent Antibody Test for Bacterial Kidney Disease

Only 1 out of 60 Tucannon Hatchery steelhead sampled (1.7%) was found

to have BKD organisms in an anterior kidney smear.

Histopathology

The major pathological conditions encountered in the Tucannon Hatchery

steelhead were lymphocytic infiltration and epithelial hypertrophy in gill

tissue, and a 53% incidence of ciliated protozoan parasites in the

olfactory sac (Table 6). Total mortality during rearing in the hatchery
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was 22%.

Seawater Adaptation

At seawater entry 66% of the Tucannon Hatchery steelhead were judged

to be smolts. Within 30 days of seawater residence 51% of the population

had died. Osmoregulatory dysfunction accounted for 19% of the initial

mortality. Vibriosis was the pathogen most commonly isolated from moribund

fish. A large number of fish (25%) were unaccounted for at the end of

testing, and the loss may have been due to escape from the net-pen. At

completion of the experiment (188 days), 18.5% of the fish had survived.

The overall survival may have been closer to 40% if the losses from the

net-pen are included.
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Summary

The compilation of the 1978 and 1979 data and preliminary analysis of

the 1980 data suggest that the generally high mean hematocrit and

hemoglobin values in northwest steelhead stocks may reflect a normal

hematological condition for these anadromous strains of the rainbow trout,

or they may be associated with smoltification.

The pathologist did not find histological lesions typically associated

with BKD in the kidney or liver tissue of the three steelhead stocks

examined. Although the more sensitive IFAT tests of kidney tissue smears

from the same specimens did reveal the presence of BKD organisims, the

incidence of the disease was extremely low. There were no known

mortalities due to BKD in any of the steelhead stocks sampled during

seawater culture, except the Wells Winthrop Hatchery stock. Lesions

symptomatic of BKD were found in 0.7% of the mortalities examined, but the

disease was not confirmed by IFAT.

Analysis of the pathologist's data indicate that lesions of the eye

were much reduced in comparison to 1978. Histopathological conditions

observed in the three steelhead stocks were restricted to a few organ

systems, and may not significantly effect homing response or survival.

However, there were several conditions that appeared in all three stocks,

and it may be of interest to summarize the probable causes.

The pathological conditions in gill tissue of the 3 steelhead stocks

were predominately lymphocytic infiltration and epithelial hypertrophy.

The incidence was higher in 1979, especially in the Tucannon Hatchery fish.

These observations are probably indicative of exposure to antigens,

including pathogenic and non-pathogenic microorganisms, irritants, or a
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mild form of nutritional gill disease. Second in frequency of occurrence

was the presence of sporozoan  parasites in the gills of Chelan-Leavenworth

Hatchery steelhead. Pathological conditions in other tissues were minor,

with the exception of a high incidence of ciliated protozoan parasites in

the olfactory rosettes or sacs of the Tucannon Hatchery steelhead.

Figure 8 compares the survival of all three steelhead stocks during

seawater culture. The survival within the first 10 to 30 days after

transfer to the seawater pens was highest in the Chelan-Leavenworth

Hatchery stock and lowest in the Wells-Winthrop Hatchery stock. This trend

is again apparent in Figure 9 which compares the known (removed) daily

mortalities for the first 4 weeks after transfer to the seawater pens. The

largest numbers of dead fish were removed from the pen of the

Wells-Winthrop Hatchery steelhead. Over 72% of the mortalities that

occurred within the first 4 weeks were removed within 1 week after transfer

to seawater.

Figure 10 is a comparison (for all three stocks) of the average fork

lengths (at release) of steelhead that could be separated into three states

of development based on visual observation. The se were : (1) heavy parr

marks present; (2) fish in transition to smolting, with parr marks still

discernible although faint; and (3) silvery smolts; parr marks absent.

Although the average length of the Wells-Winthrop Hatchery steelhead was

much higher than the Tucannon Hatchery stock, only 28% of the

Wells-Winthrop Hatchery stock had the visual appearance of smolts versus

66% for the Tucannon Hatchery stock. The Chelan-Leavenworth Hatchery

steelhead were in between, with 48% considered to be visibly smolted.

However, the large average size of the Chelan-Leavenworth Hatchery smolts
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probably contributed to the greater initial survival after transfer to

seawater.

The clinical health status of the Wells-Winthrop Hatchery steelhead

was satisfactory. The high initial mortality after transfer to seawater

(in comparison to the other steelhead stocks) suggests, however, a severe

osmoregulatory dysfunction. We cannot directly compare this type of

immediate stress with a supposed transition through the Columbia River

estuary because culturing samples of these hatchery test groups in net-pens

in seawater is an artificial situation and is recognized as such. Lower

survival may not be indicative of what is occurring in nature, as: (1) the

fish are transferred directly from fresh to 28O/oo seawater without

conditioning in estuarine water (as presumably might be the case in

nature); (2) they are fed an artificial diet; and (3) they are contained in

net-pens and stressed by frequent (monthly) measurement activities.

Nevertheless, one can assume that if the survival in the net-pens was

high, the fish should be able to withstand the normal transition rigors in

the wild, and that the tests may be a relative measure of seawater

adaptability between treatments or stocks. In comparison to the other two

stocks, the Wells-Winthrop Hatchery fish were much less likely to survive

any early osmoregulatory stresses.

RESULTS AND DISCUSSION OF HATCHERY CHINOOK SALMON SURVEYS

Carson Hatchery Spring Chinook Salmon

Gill Na+-K+ ATPase

Figure 11 is a graph of the gill Na+-K+ ATPase activity in 1979.

The enzyme values were somewhat higher in 1979 than in 1978. The time

during which activity increased appeared to be the same in both years.
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Plasma Electrolytes

There is little published data on normal plasma electrolyte levels in

hatchery chinook salmon. Table 8 is a summary of the mean plasma Na, Cl,

and K values from chinook salmon that we previously examined. The

exceptionally high K values in the Kalama Hatchery spring chinook salmon

may be due to hemolysis that occurred after sampling.

There is a slight decrease of plasma Na in the Carson Hatchery spring

chinook salmon from 158 meq/l in March until the fish were released in

early May (Figure 12). The mean plasma Na value of 145.6 meq/l at this

time (Table 3) is within the range of means encountered in other chinook

salmon samplings (Table 8). As expected, plasma Na values rose abruptly

after transferring the fish to seawater (Figure 12), but quickly returned

to normal levels. The mean chloride level of 134.1 meq/l at release is

higher than any previously observed mean levels in any of the species

studied in 1978 or 1979. The mean plasma K value of 3.7 meq/l was also the

highest for any species studied in the past two years, with the exception

of the coho salmon. There were fluctuations in the mean K levels after

transfer to seawater for the first week, and then a leveling off in the

surviving fish to 3 to 3.5 meq/l.

Hematology

Unpublished data from salmon diet studies in Oregon indicate expected

mean hematocrits for spring chinook salmon ranging from 24.2 to 38.0% and

35 to 39% for fall chinook salmon. Published data on small fall chinook

salmon fingerlings (Banks, et al. 1971) indicate that hematocrit and

hemoglobin values increase as the water temperature increases (Table 9).
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Table 8. --Mean values of plasma Na,
chinook salmon.

Cl, and K from other samplings of hatchery

Sample

1978 Kalama Falls Hatchery spring
chinook salmon (at release)

I4illequivalents/l

Na+ cl- K+

137 116 11.9*

1978 Kooskia Hatchery spring chinook
salmon Cat release) 114 104

1978 Leavenworth Hatchery spring chinook
(at release) 150 108 1.7

1979 Leavenworth Hatchery spring chinook

March 158 129 3.0
At release (late April) 149 125 0.8
June 148 130 2.3

* These were abnormally high potassium values,
hemolysis of the samples.

and may have been due to some
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Table 9 .--Hematocrit and hemoglobin values of fall chinook salmon cultured
for four weeks at four water temperatures. The average weight of the fish
was 3.2 to 4.0 g (from Banks et al. 1971).

Rearing Number
temperatures of

(OC> fish

Hematocrit (X)

x Range

Hemoglobin (g/100 ml blood)

?i Range

10.0 10 32.2 29-36 5.4 4.5-6.3

12.7 10 35.8 31-40 5.4 4.8-6.4

15.6 10 37.6 32-43 5.9 4.9-6.8

18.3 10 38.9 35-46 6.4 5.4-7.3



The mean values of fall and spring chinook salmon sampled in 1978 (for

all studies) ranged from: (1) hematocrits - 36.7 to 59.4% and (2)

hemoglobins - 5.2 to 8.9 g Hb/lOOml blood. Hematocrit values below 28% in

Pacific salmon may be the beginning stages of a number of problems and

should signal a cautionary warning.

Although the mean hematocrits and hemoglobins of the Carson Hatchery

stock were well within the expected limits, 18.3% of the fish had

hematocrits below 28% (Figure 13). Most of the low hemoglobin values

(7 3.0 g Hb/lOO ml blood) were associated with the low hematocrits.

Bacterial kidney disease organisms were present in all samples with

hematocrits below 25%.

Indirect Fluorescent Antibody Test for Baqterial Kidney Disease

The Carson Hatchery spring chinook salmon had the highest incidence of

BKD (as determined by IFAT) for any of the homing stocks screened (Table

3). The total incidence was 33.3%, with 25% of these classified as level

III (severe). All fish with hematocrits below 25% were positive for BKD.

However, not all BKD infected fish had low hematocrits. Latent infections

of BKD may require several years to develop into an active form capable of

killing fish in the marine environment (Ellis, et al. 1978). On the basis

of the number of fish with heavy intensities of BKD infection in our

subsample, we would anticipate some ocean mortality from BKD.

Histopathology (See Appendix B)

The Carson spring chinook salmon had a high incidence of epithelial

hyperplasia and lymphocytic infiltration in the gills (Table 6). This

inflammatory response is probably the result of exposure to a number of

pathogenic and/or non-pathogenic organisms. The relatively high incidence
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of focal mononuclear cells in the liver is also indicative of possible

antigenic stimulation. This is supported by the confirmation of bacterial

kidney disease in this stock. In addition, the Carson Hatchery spring

chinook salmon had the highest incidence (25%) of granulomatous

inflammation of the olfactory sac, which may be associated with

gramulomatous lesions of the liver and kidney typical of BKD.

Seawater Adaptation

At the time of seawater entry, the Carson Hatchery spring chinook

salmon were visually characterized as primarily transitional (55%) and

smolted (39%) fish. The mean weight of the smolted fish was 25.8 g and the

mean weight of the population sample was 23.0 g.

In early eummer, 13 precocious males were observed in the surviving

population. If this represented the maximum knumber in the original

population, there would be a minimum loss of 6.5% from precocious

maturation.

Initial losses due to osmoregulatory dysfunction were minimal (6%).

Further losses occurring during the third and fourth week after seawater

entry, were probably due to seawater diseases. The survival during

seawater culture is shown in Figure 14, and indicates that approximately

60% of the fish were able to survive the first 30 days.

Big White Salmon Hatchery Fall Chinook Salmon

Gill Na+-K+ ATPase

Fall chinook salmon used in the homing experiments were tagged and

moved from the Spring Creek Hatchery to holding ponds on the Big White

Salmon River. Gill Na+-K+ ATPase activities are plotted in Figure 15.

Gill Na+-K+ ATPase in the homing study fish showed an increase in
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activity at approximately the same time as fish held at Spring Creek

Hatchery, though the magnitude of that increase was less. Colder water at

the Big White Salmon River and slower growth were factors that probably

affected the gill Na+-K+ ATPase activity.

Plasma Electrolytes

The mean plasma Na levels of 170.3 meq/l from the Big White Salmon

Hatchery fall chinook salmon at the time of release were the highest of any

of the species of salmonids sampled in 1978 or 1979. The mean K level of

2.4 meq/l was within normal limits for chinook salmon. Only small amounts

of plasma are available from fall chinook salmon, and the volumes were not

sufficient t o  include chloride analyses. No samples were taken after

transfer to seawater.

Hematology

The mean hematocrit and hemoglobin values (Figure 16) of the Big White

Salmon Hatchery fall chinook salmon were in the upper level ranges for fall

and spring chinook salmon sampled in 1978. None of the hematocrits were

below 28%m and the hematological  data suggested a healthy stock of fish.

Viral Screening

The National Fisheries Research Center (USFWS) reported all of the Big

White Salmon Hatchery fall chinook samples negative for IPN virus. Rangen

Research Laboratories reported 4 out of 12 pooled samples as positive for

IPN virus.

Indirect Fluorescent Antibody Test for Bacterial Kidney Disease

There was an 8.3% incidence of BKD in the Big White Salmon Hatchery

fall chinook salmon, all associated with posterior kidney. However, two

(out of five) of the fish had moderate (level II) infections. This could

represent an eventual loss from BKD after release.
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Histopathology

As reported for all homing test groups in 1979, the Big White Salmon

fall chinook salmon had a high incidence of epithelial cell proliferation

and lymphocytic infiltration in the gills (Table 6). This stock suffered

mortalities from enteric red mouth disease (Yersinia ruckerii) after they

were transferred to the Big White Salmon Hatchery rearing ponds, and this

may have contributed to the development of these lesions. The high

incidence of focal mononuclear cells in the liver is indicative of possible

antigenic stimulation and is consistant with the confirmation of bacterial

kidney disease by IFAT.

Seawater Adaptation

The mean weight of the Big White Salmon Hatchery fall chinook salmon

sample was 7.6 g when introduced to seawater, and only 15% of the test

group were visually characterized as smolts (mean weight of 9.7 g). The

majority of the remaining fish appeared to be in the transitional stage.

The immediate mortality from osmoregulatory stress was slight, and the

survival during the first 30 days in seawater was over 90% (Figure 17).

The mortality increased dramatically after 60 days in seawater, and was due

primarily to seawater diseases. No precocious males were observed in this

test group.

180



x 6 0 -

2 40-
c
C.-

5. -

0
1

40
1 1 I

80 120 160
Days post seawater entry

I I
200 240

Figure 17.--Survival of the Big White Salmon Hatchery fall chinook
salmon during seawater culture.

181



Summary

We began our first examination of the olfactory or sac in 1979, since

this tissue may be the source of "cuing" for any olfactory imprinting. We

were not able to measure responses to olfactory stimuli in fish with

obvious damage to olfactory sac epithelial tissue, but we have been able to

demonstrate that this sensory receptor can be the site of pathological

conditions in normal populations.

For example, as mentioned in the section on steelhead, ciliated

protozoans in the olfactory sac were found in 53% of the Tucannon

steelhead. Histological evidence of any type of olfactory sac pathology

was neglible in the two other steelhead stocks, and no pathology was found

in the Big White Salmon fall chinook salmon. No parasites were found in

the olfactory sacs of the Carson Spring chinook salmon, but evidence of

some type of inflammatory lesion was found in over 25% of the Carson fish.

The pathologist suggests that the lesions found in both the kidney and

olfactory sac are highly indicative of bacterial kidney disease, and that

the nares may be a portal of entry for the organism (Appendix B). As a

result of this assessment, we examined tissue smears of the olfactory sac .

by IFAT of the Leavenworth and Carson Hatchery spring chinook salmon from

the following year class. BKD organisms were found in many samples,

including some in the Class IT and III intensity. Until we have sufficient

tag return data for any of the 1979 homing study releases of fish, it will

be difficult to assess any problems that may have been due to pathology of

the olfactory sac.

In 1979, the general health status of the Big White Salmon Hatchery

fall chinook salmon stocks was good in comparison to the Carson Hatchery

182



spring chinook salmon. There were no problems with hematology in the fall

chinook salmon, but over 18% of the spring chinook salmon had low

hematocrits and hemoglobins. Bacterial kidney disease organisms were found

in every kidney sample of fish with hematocrits below 25%. Histological

examination of the gills and other organ tissues suggest a serious problem

exists with BKD (Appendix B) in the Carson fish. Although the Big White

Salmon Hatchery fall chinook salmon had been exposed to some microscopic

organisms (Appendix B), this was probably Enteric Redmouth Disease, and at

the time of release most of the fish were clinically healthy. There was no

evidence of abnormal indicators of smoltification in either stock, but the

short-term (30 day) survival of the Carson fish in the seawater net-pens

was poor. In general, a combination of health status evaluation factors

plus a high incidence of precocious males indicate that losses in the

Carson Hatchery spring chinook salmon are going to occur prior to or during

the first winter after release.

CONCLUSIONS

Steelhead

1. The general health of the three steelhead stocks in the 1979 studies

was good, and there were no indications of any pathology that would impair

survival or imprinting, with two possible exceptions: the presence of

sporozoan parasites in the gills of over 25% of the Chelan Hatchery fish;

and protozoan parasites in the olfactory sacs of over 50% of the Tucannon

Hatchery fish. Unfortunately, we cannot evaluate the impact of such

parasitic infestations at this time.

2. Observations of external appearances to determine the extent of

smoltification indicated that less than 33% of the Wells-Winthrop Hatchery
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steelhead were smolted .at the time of transfer to seawater (no gill

Na+-K+ ATPase profiles were available for this stock). Both the Chelan

and Tucannon Hatchery steelhead were transferred shortly after peak gill

Na+-K+ ATPase activities, and had a higher percentage of visible smolts

than the Wells-Winthrop fish. This indicates that the Tucannon and Chelan

fish were better prepared for the transition to seawater.

3. The survival of the Tucannon and Chelan Hatchery steelhead during the

first 30 days after transfer to the seawater pens was two to three times

greater than that of the Wells-Winthrop stock, even though the average size

of the Wells-Winthrop fish was larger. This indicates that the expected

survival of the Wells-Winthrop Hatchery steelhead will be less than

survival from the Chelan and Tucannon Hatcheries.

Chinook Salmon

1. The incidence of latent BKD in the Big Wblte Salmon Hatchery fall

chinook salmon was low, basic hematology was normal, and the pathology of

examined organ tissue reflects the probable exposure to ERM and BKD. The

recovery from ERM was apparently successful, and the fish were healthy when

transferred.

2. Approximately 20% of the Carson Hatchery spring chinook salmon were

anemic, and BKD organisms were found in every fish with hematocrits below

25%. BKD was found in about 33% of the Carson Hatchery fish, and the

intensity of infection was heavy in 25% of the infected fish. The presence

of granulomatous lesions typical of BKD in 25% of the olfactory sacs also

reflects the serious nature of this disease in the Carson fish, and may

well affect imprinting as well as survival.
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3. The gill Na+-K+ ATPase profiles were normal for both the Carson and

Big White Salmon chinook salmon, and the major releases were made just

after the peaks of Na+-K+ ATPase activity Indicating good preparation

for seawater adaptation.

4. About 90% of the Big White Salmon fish survived the first 30 days in

the seawater pens. Slightly over 50% of the Carson fish survived the first

30 days in the seawater pens. This indicates that the chances for survival

of the Big White Salmon Hatchery fall chinook salmon are excellent, and the

chances for the Carson Hatchery spring chinook salmon are below normal.
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I. INTRODUCTION

On the spring of 1978, the National Marine Fisheries
Service (NMFS) Manchester, Washington laboratory began an
annual study to evaluate various factors pertinent to the
successful smoltification, ocean survival, and adult return
of selected anadromous salmonid fish stocks of hatchery
origin in the Columbia River basin. A portion of this
study was devoted to ascertaining the general health
profile of each stock at the time of smoltification and
immediately prior to hatchery release and natural out-
migration into saltwater. The purpose of this general
health profile was to determine the occurrence and incidence
of selected infectious diseases known to be potentially
important to the growth and survival of salmonid fishes in
general. The health profile data acquired is then used in
the evaluation and interpretation of other data obtained
with regard to the relative success of saltwater adaptation,
ocean survival, and hatchery return potential.

Migrant hatchery fish stocks were examined for selected
viral, bacterial, and parasitic disease agents using a wide
variety of techniques as described in the parent NMFS
project report. Summary results of the first year of this
study pertaining to 1978-79 brood year stocks have been
reported by Busch (1979), CZESD and ETSD (1979), Novotny
and Zaugg (1979). This report concerns itself only with
the work contracted by NMFS to Rangen Research under USDC/
NOAR Purchase Order No. 79-ABB-00276 (Rangen Contract No.
9-79) and pertains to that portion of the general health
profile dealing with the screening of selected populations
for the presence of important viral pathogens known to
infect salmonid fish in North America. Included among
these pathogens are infectious pancreatic necrosis virus
(IPNV), infectious hematopoietic necrosis virus (IHNV),
Herpesvsrus  s a  Zmonis, and any additional replicating agents
capable of inducing specific cytopathic effects (CPE) under
the given conditions of surveillance,

The virus disease most commonly associated with Pacific
salmon and steelhead trout stocks in the Pacific Northwest
is infectious hematopoietic necrosis virus. IHNV was
first recognized in 1951 in sockeye salmon (Onchorhynchus
nerka) at Leavenworth National Fish Hatchery and kokanee
salmon, a land-locked sockeye salmon, at Winthrop National
Fish Hatchery. The virus was isolated for the first time
from sockeye salmon in 1958 (Wood, 1974). The disease is
known to cause significant mortality in hatchery populations
of Pacific salmon and steelhead trout as well as other
salmonid species all along the Pacific coast of North
America from California to Alaska and is considered endemic
to many watersheds including the Columbia River Basin.

IHNV infection characteristically results in a peracute
to acute course of disease resulting in high levels of
mortality in chinook salmon (Onchorhynchus tshawytscha)
and an acute to subacute disease in sockeye salmon. The
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disease is characterized, as its name implies, by destruction
of the hematopoietic tissues resulting in an acute condition
of hemorrhage, anemia, and often severe mortality among fry
and fingerling fish under hatchery conditions. Infection
seems to be primarily vertical in nature with the disease
being transmitted with the eggs and reproductive fluids of
asymptomatically infected returning broodstock. The coho
Salmon (Unchorh~~nchu8 kisutch) appears to be more resistant
to IHNV infection than the other species of Pacific salmon
but can function as an asymptomatic carrier in the mainten-
ance and dissemination of the disease (Wolf, 1972).

Survivors of an epizootic infection of IHNV are known
to carry the virus in an eclipse phase of intracellular
infection typical of the rhabdovirus group of which it is
a member. Duringthisasymptomatic  carrier state, the virus
is not detectable by routine methods of surveillance and
is presumed to be non-infectious. This period of subclinical
infection includes the time of physiological transition to
saltwater known as smoltification. The latent effects of
its presence upon smoltification, ocean survival, and adult
return are not known at this time. However, the detectable
infectious virus has been shown to reappear immediately
prior to spawning in infected populations of returning
adults and is readily transmitted to the progeny at this
time.

The early epizootiology of suspected viral diseases
including IHNV in the Columbia River drainage is reviewed
by Parisot et al. (1965). Several extensive surveys to- -
determine the incidence and distribution of the virus have
been conducted since that time in selected stocks of
Columbia River trout and salmon. In 1972, Amend and Wood
reported that no IHNV could be found in Columbia River
stocks of Pacific salmon returning to 15 selected hatcheries
in the state of Washington. These findings were based upon
the extensive sampling of 130 to 150 ovarian fluid samples
taken from each population at the time of spawning. Tebbit
and McMichael (1973) found no evidence of IHNV in 10
Columbia River salmon stocks returning to hatcheries in the
state of Oregon during 1971 and 1972. However, in 1973
they reported the confirmed isolation of IHNV from an adult
spring chinook salmon stock returning to Oregon's Pelton
Dam Holding Facility. Numerous additional studies have
been undertaken by various state and federal agencies in
subsequent years but have often failed to be comprehensive
in design and execution and their results are often not
readily available.

Even though IHNV has not been found to be a major
problem for Columbia River stocks of chinook salmon, in
general, it does continue to pose a threat to this specie
as well as sockeye salmon under hatchery conditions. The
real occurrence and incidence of IHNV is still not well
defined due to problems in the detection of asymptomatic
carrier states of infection during the eclipse stage of
the virus. Knowledge Is also lacking on the possible
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residual effects of the carrier state infection on
successful smoltification, saltwater survival, and adult
return. The disease remains endemic to the watershed and
has been increasing in its known host range, geographical
distribution, and physical tolerances such as temperature.
IHNV has recently been found to be pathogenic for rainbow
trout (%Zmo gairdneri)  fry, fingerlings, and yearling
fish at 14.5 C. (58 F.) in the Snake River drainage of the
upper Columbia River basin. It has also been found in a
subclinical infectious carrier stage in rainbow trout
broodstock in this same area (Morton and Busch, 1980).

Another salmonid virus, infectious pancreatic necrosis
virus (IPNV), has not often been associated with or
considered a problem in Pacific salmon stocks. However,
IPNV is known to be endemic in the Columbia river drainage
where it is primarily recognized as a reovirus disease of
trouts and chars. It is also known to be capable of
infecting Atlantic, coho, and chinook salmon (Fish Health
Section, 1974).

IPNV is considered to be the same disease originally
described by M'Gonigle (1941) in brook trout (SaZveZinus
fontina2is) and Atlantic salmon (SaZmo saZar) in hatcheries
in the Canadian maritime provinces and later confirmed by
MacKelvie and Artsob (1969). The pathogenesis of IPNV in
Atlantic salmon has recently been described by Swanson and
Gillespie (1979). The disease was first isolated in the
western United States in 1963 by Parisot, et al.

IPNV disease is typically characterized by a peracute
to acute course of infection and mortality of fry and
fingerling fish or a subacute to chronic infection of
larger fish up to and including yearling sizes. The
infectious agent is readily transmitted horizontally
through the water between fish by means of infected feces
and urine from clinically diseased or asymptomatically
infected carrier fish. It is also readily transmitted in
a vertical manner from asymptomatically  infected adult fish
to their Progeny via infected reproductive fluids and eggs.
Survivors of an epizootic infection often remain asympto-
matic carriers for life and continually shed the infectious
virus into the water, a condition which has recently been
modeled on a Chinook salmon cell line by Hedrick, et al.
(1978), and established in rainbow trout under laboratory
conditions by Reno, et al. (1978). The disease has been
shown to be transmitted in the natural environment to
susceptible stocks and maintained in wild and feral
populations for extended periods of time with the incidence
of infection gradually decreasing over time when no new
introduction of the virus is made (Yamamoto, 1975).
Sonstegard (1970) also showed long term survival of IPNV
in the gastrointestinal tracts of selected non-salmonid
fishes, picivorous birds, and aquatic invertebrates.

Until 1968, IPNV had not been known to occur in any of
the Pacific salmon species. However, in July of that year,
Wolf and Pettijohn (1970) isolated the virus from coho
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salmon fingerlings at Lamar National Fish Hatchery in
Pennsylvania. The eggs of the infected stock had been
taken from a spawning population of landlocked adult
salmon in Lake Michigan. The fish had been checked for
virus as fry and were determined to be free of the infect-
ion. However, IPNV was enzootic among hatchery stocks of
trout at the time and virus was soon isolated from the
fingerling salmon during an epizootic of furunculosis
disease (Aeromonas satmonicida). No mortality could be
attributed to the presence of the virus and evidence
indicated that infection was due to horizontal rather
than vertical transmission.

Amend and Wood (1972) surveyed 15 Columbia River
stocks of Pacific salmon returning to hatcheries in the
state of Washington in the fall of 1970, selecting only
for IHNV on primary screen and confirmatory cultures.
Consequently, no IPNV was reported. In 1973, Tebbit and
McMichael reported on the surveillance of Columbia River
stocks of Pacific salmon returning to selected hatcheries
in Oregon. Their comprehensive design included the
examination of visceral tissues and ovarian fluids from
60 adult females from each of four discrete populations.
Adult fish and progeny fry were also bled and the sera
titered for specific neutralizing antibodies against the
common viral diseases. IPNV virus was isolated from two
of twelve five-fish tissue pools from adult coho salmon
returning to the Bonneville Hatchery in 1971 and also from
their progeny fry in thirty or thirty ten-fish pools
indicating vertical transmission. It is interesting to
note that McMichael (1974) was only able to isolate virus
from the fry progeny at 30 and 60 days of age post hatch
and that these same fish as fingerlings, when sampled at 90
and 210 days post hatch, no longer yielded detectable levels
of virus but did demonstrate specific neutralizing antibodies
against IPNV with titers in excess of 1:200 as confirming
evidence of prior exposure. Attempts at horizontal
transmission of the virus under hatchery conditions were
unsuccessful at 15 C.

A report in the FAO Aquaculture Bulletin (1973)
indicated that McMichael's coho salmon isolate of IPNV
was unlike the standard ATCC UR-299 (American Type Culture
Collection) IPNV trout isolate and more typical of French
isolates of IPNV that are known to lose 99% of their
infectivity in a single freeze/thaw cycle.

When Tebbit and McMichael (1973) continued their
sampling program, they found returning adult populations
and their progeny fry to be negative for IPNV at all of
the selected hatcheries sampled in 1972 and 1973. However,
they were able to demonstrate specific IPNV neutralizing
antibodies in the sera of 270 adult fall chinook and coho
salmon. The overall incidence was 74$0 in the returning
coho and 92% in the returning fall chinook populations.
In 1972. they were also able to isolate IPNV from adult
coho salmon returning to Cascade Hatchery but the virus
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could not be demonstrated in the fry progeny or in the
adult returnsthe following year. Tebbit and Mchfichael
(1973) also reported finding IPNV in adult chinook salmon
returning to the Pelton Dam Holding Facility in 1973 after
the adult returns and progeny fry were found to be free
of the virus in the 1971 and 1972 brood years.

IPNV was isolated from steelhead trout being reared at
Idaho Power Company's Niagria Springs Steelhead Hatchery
in the Snake River canyon of Southern Idaho near Buhl in
1974. IPNV is known to be endemic to the commercial rainbow
trout hatcheries in the local area and its appearance at the
Niagria Springs station was not surprising. The virus has
since reappeared at the station periodically and has been
associated with significant mortality.

In 1974, Wood indicated that he had yet to make any
positive IPNV isolations from Columbia River stocks in
Washington state. However, in 1975, Tebbit reviewed
McMichael's initial surveillance results and continued the
program. Again looking at visceral tissue samples, ovarian
fluids, and progeny fry, Tebbit was able to demonstrate
IPNV in six of twelve five-fish tissue pools from adult
coho salmon returning to the Cascade hatchery during the
1972 broodyear, but he could not demonstrate vertical
transmission to the progeny fry. That same year Tebbit
also isolated IPNV from a population of spring chinook
salmon fry at the Pelton Dam Holding Facility that were
the progeny of an adult stock that had been previously
diagnosed with a confirmed asymptomatic infection of
IHNV (Tebbit, 1975).

In 1967, Wolf and Quimby were first able to demonstrate
the development of specific viral neutralizing antibodies
in the serum of asymptomatically  infected IPNV carrier fish.
Presence of such specific antibodies are considered as
presumptive serological evidence of prior or concomitant
exposure to the virus. During the 1973 broodyear, Tebbit
wasableto detect XPNV specific neutralizing antibodies
in the sera of adult coho salmon returning to both the
Sandy Hatchery and the Bonneville Hatchery. None of these
seropositive populations or their progeny fry yielded a
confirmed viral isolation. Tebbit continued surveillance
during the 1974 brood year but failed to isolate virus
from any of the adult returns sampled but IPNV specific
neutralizing antibodies were found in a stock of landlocked
spring chinook salmon in the Detroit River impoundment on
the North Santiam River in Oregon. An endemic infection
of IPNV had previously been demonstrated in wild cutthroat
trout populations in these same waters.

Based upon the findings of both IPNV and IHNV in stocks
of anadromous salmonids in the Columbia River basin, the
state of Oregon established a management policy prohibiting
the transport of any Columbia River stocks of fish to a
coastal river system for fear of disseminating an endemic
viral disease problem.

In 1975, Mulcahy and Sanders reported isolating IPNV from
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spring chinook salmon at the Oregon Fish and Wildlife
Commission's Corvallis Research Laboratory. More recently,
in the first year of this study, Busch (1979) was able to
isolate IPNV from 16 of 28 stocks of Pacific salmon and
steelhead trout smolts at 12 of. 18 Columbia River hatcheries
sampled. The incidence of infection among 11 coho salmon
stocks sampled was 82%. Of five steelhead trout stocks
examined, 75% were found to be infected with IPNV. Four
spring chinook salmon stocks had an incidence of IPNV of
60% and eight fall chinook salmon stocks had an incidence
of IPNV of 33%. All infections appeared to be asymptomatic
carrier states and could not be associated with any
significant mortality.

It has been shown time and again that IPNV can indeed
infect Pacific salmon and steelhead trout. It is becoming
recognized thatIPNV may be all too common as an asympto-
matic infection in a wide variety of discrete spawning
populations in the Columbia River basin and that these
infections may be easily missed or not clinically diagnosed
in certain types of samples taken at certain stages in the
life history of the Pacific salmon and steelhead trout.
It still remains to be shown whether or not the presence
of an endemic infection of IPNV has a detrimental effect
upon the population. Mortality directly attributed to the
presence of the virus under hatchery conditions has yet to
be demonstrated for Pacific salmon stocks but is known to
occur with steelhead trout populations.

The last of three recognized salmonid viruses to be
potentially found in the Columbia River basin is Herpesvirus
salmonis. This virus or other closely related viruses are
known to infect rainbow trout and sockeye salmon at all
stages in their life history and has been implicated in
mortality of both fry and adult. fish. The virus was first
described in Japan as being endemic among certain stocks
of sockeye salmon. It has only been diagnosed once in the
United States as an asymptomatic infection of rainbow trout
broodstock at the Winthrop National Fish Hatchery. The
virus still remains a fairly unknown entity with regard to
the general health of Pacific salmon and steelhead trout
stocks as its true host range, geographical distribution,
and general ecology and epidemiology has yet to be
determined (Wolf, et al. 1975).

II. MATERIALS AND METHODS

Procedures of viral surveillance were designed to fit
within the overall field sampling program and budget of
the parent study and, at the same time, give optimum
sensitivity and accuracy with regard to detecting the
presence of any of the major salmonid viruses found within
the Columbia River basin. Techniques for both surveillance
of viral diseases including primary isolation and confirmed
serological identification and surveillance of specific
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viral neutralizing humoral antibodies were used.
A total of 5 stocks of chinook salmon, coho salmon, and

steelhead trout from 5 different Columbia River basin
hatcheries (Figure 1 and Table 1) were checked for the
presence of virus at the time of smoltification and
hatchery release during 1979. Field sampling was conducted
by NMFS personnelaccordingto procedures established by and
with field sampling kits provided by Rangen Research (Appendix
A). Hatchery stocks being sampled were first transported
in a live haul container back to the NMFS Laboratory at
Manchester, Washington. They were then maintained in
freshwater flow-through systems (Beaver Creek water supply)
for one to two days prior to lethal sampling. The field
sampling diluent provided was formulated (see Appendix B)
to provide optimum survival of any infectious virus under
transport conditions while inhibiting the growth of any
microbial contaminants, It was provided in sterile graduated
polycarbonate screw-cap tissue culture grade centrifuge tubes
(Corning #25310, Corning Glass Works, Corning, New York).
The use of the graduated tube allowed for the calculation
of accurate sample dilution factors based upon the displace-
ment method as 0.2 g. of tissue was pooled from each of
five fish into 9 ml of field sampling diluent and a total of
twleve five-fish pools collected from the randomly selected
60 fish sample.

Serum samples were obtained by lightly anesthetizing
60 fish from each stock in an aerated solution of 1:20,000
tricaine methanesulfonate (Ayerst Laboratories, New York).
In most cases, blood was sampled from the caudal arch by
means of a 1.0 cc heparinized syringe fitted with a 25 G
hypodermic needle. Small fish were bled by severing the
caudal peduncle. All whole blood samples were immediately
transfered to heparinized micro-capillary tubes, plugged
at one end, and centrifuged for three minutes in a Clay-
Adams Autocrit II centrifuge. The serum was then trans-
fered to a second micro-capillary tube, plugged at both
ends, and placed sequentially in a numbered tube rack.

Following completion of all sampling procedures and
the Field Sampling Data Sheet (Appendix A), the complete
refrigerated field kit and samples were returned to the
Rangen Research Laboratory In Hagerman, Idaho via Greyhound
NBO Package Express Service. The average time in transit
was 20 hours and the temperature of the samples upon receip.t
was oonsistently between 6 and 8 C. A duplicate set of
tissues samples were taken from the same fish as per the
directions of Dr. Dan Mulcahy and sent to the National
Fisheries Research Center in Seattle, Washington for
confirmatory viral analysis by a comparable methodology.

Upon receipt into the Rangen Laboratory, the receiving
temperature of the tissue samples was recorded. The raw
serum samples were stored at 4 C. for a maximum time of
five days prior to titration and serum neutralization.
The twelve tissue sample tubes were assigned a group
accession number and each tube in the group given a
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FIGURE 1, GEOGRAPHIC LOCATION OF SELECTED COLUMBIA RIVER
DRAINAGE SALMON AND STEELHEAD HATCHERIES SAMPLED FOR
VIRUS DURING 197%

1. Big White Salmon
2. Carson
3. Leavenworth
4. Tuccanon
5. Winthrop
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TABLE 1. STOCKS OF PACIFIC SALMON SMOLT EXAMINED FOR VIRUS AT THE TIME
OF RELEASE FROM SELECTED COLUMBIA RIVER DRAINAGE HATCHERIES DURING

1979 I

STATION STOCK EXAMINED DATE SAMPLED RANGEN ACC. NO.

Big White Salmon fall chinook salmon 5124179 208-79

Carson spring chinook salmon 518179 179-79

Leavenworth steelhead trout (Chelan stock) 4125179 158-79
_.

g
Tuccanon steelhead trout 5/16/79 203-79

0 Winthrop steelhead trout (Wells stock) 5/15/79 195-79



serial numeric identifying code. The refrigerated tissue
pools were homogenized in situ with a Polytron PUC-2-110
homogenizer fitted with a steam sterilizable stainless
steel PT-10 generator (Brinkman Instruments, Westbury,
New York) for 30 seconds. The homogenized tissue samples
were then centrifuged at 2,000 X g for ten minutes at 4 C.
in a Sorval RC-5 refrigerated centrifuge with an HS-4 rotor
and appropriate tube adapters (Dupont/Sorval,  Newtown, Conn.)
to remove large cellular debris. 'Iwo tenths of a milliliter
of the supernatant was pipetted off with a sterile disposable
polyethylene tip and diluted in 1.8 ml of a disinfecting
diluent (Appendix B) and incubated at 4 C. overnight for
decontamination of fungal and bacterial organisms. This
procedure resulted in a final 1:lOO working dilution of
the original tissue sampled. All samples were maintained
at 4 C. during all preparatory procedures.

Tissue samples received into the laboratory were screened
for the presence of virus within seven days of sampling.
Viral screen tests were conducted with a microculture
procedure using the Chinook Salmon Embryo (CHSE-214) cell
line in passages 267 through 277 and a MEM-lo-Tris-PSF  media
(Appendix B) at 12.5 C. incubation for 21 days. Four
replicate wells of each of two dilutions were run for each
of the pooled tissue samples. Microculture screen tests
were prepared by dropping 0.05 ml of the decontaminated and
diluted 1:lOO tissue pool into each of the first four wells
of an eight well series on a sterile Microtest II (Falcon
#3040, Becton, Dickinson, and Co.) tissue culture plate and
0.025 ml of the same sample into the last four wells of the
eight well series using an Oxford 8000H sampler and a
sterile Oxford 8iOS tip. During preparation, the micro-
culture plates were temporarily covered with a Falcon #3041
sterile lid and maintained at 15 C. Appropriate IPNV and
IHNV positive viral controls and negative media and cell
c:ontrols were set up for each group tested. After the
sample dilutions were delivered to the microculture plate,

stock flask of CHSE-214 cells that had been grown to
;S% confluence at 20 C. in MEM-lo-Tris-PSF  media was
examined under an inverted microscope for confluence and
quality and dissociated in 4 ml of PAN/EDTA media (Appendix
B). The PAN/EDTA cell suspension was centrifuged at 1500 x g
for four minutes. The supernatant was decanted and the
pelleted cell mass resuspended in a small volume of MEM-lO-
Tris-PSF media. The resuspended cells were further diluted
in MEM-lo-Tris-PSF  media to a final 1:4 working concentration
based upon the surface area split ratio and placed in a
sterile 100 ml covered flask containing a sterile magnetic
stir bar. The diluted cell suspension was placed on a
refrigerated magnetic stir plate with slow stirring to
maintain the cells in suspension. A sterile Minipet
repipetting syringe (Manostat #71-500-010, hlanostat,  New
York, N.Y.) was fittedwith a sterile disposable 18g X l&"
hypodermic needle and primed with the chilled CHSE-214 cell
suspension. Fifteen hundredths of a milliliter of the
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diluted CHSE-214 cell suspension was pipetted into each
well on the inoculated microculture test plate. The
plate was immediately sealed with Falcon #3044 pressure
sensitive film and incubated at 12.5 C. The suspended
CHSE-214 cells were allowed to settle down through the
sample material in the well, adsorb infectious virus
present, and attach to the bottom of the well.

All viral screen tests were incubated at 12.5 C. for
21 days. All wells of both dilutions of both test and
control series were periodically read under an inverted
microscope for evidence of specific cytopathic effect (CPE),
cytotoxicity, and microbial contamination. The daily
observations were recorded on the Virological Examination
Report Sheet (Appendix C). If more than four wells in an
eight well series were found to be cytotoxic, the original
decontaminated sample was diluted 1:2 with additional
disinfecting diluent to a final working dilution of 1:200
and re-run on the microculture screen procedure as described
above. If more than four wells in an eight well test
series were found to be contaminated, the original sample
was filter sterilized through a sterile 0.45~ membrane
filter and re-run on the microculture screen procedure.

At the end of the 21 day incubation period, the 96 wells
on each plate (8 wells for each of 12 pooled tissue samples
in the lot) were classified as being either positive
(definite CPE), questionable (possible CPE or cytotoxicity),
or negative (no evidence of CPE or cytotoxicity) and pooled
into one of three tubes according to its classification.
After the supernatant medias had been aspirated and pooled
from the wells of the microculture screen plates for further
testing, all wells of the plate were stained with a 1%
alcoholic solution of crystal violet and dried as a
permanent record of the screen results.

The presence or absence of infectious virus in each of
the three classified screen pools was confirmed and identif-
ied by means of a microculture serum neutralization
procedure. One quarter of a milliliter of sterile field
sampling diluent was placed in each of the first three wells
of an eight well series on a sterile microculture plate.
Twenty five thousandths of a milliliter of EFDL #149 Poly-
valent IPNV Antisera (Eastern Fish Disease Laboratory,
Kearneysville, West Virginia) diluted 1:lOO in sterile
field sampling diluent was pipetted into the next two wells
of each eight well series. Twenty five thousandths of a
milliliter of EFDL #150 IHM antisera diluted 1:lOO in
sterile field sampling diluent was pipetted into the next
two wells of each eight well series and finally 0.025 ml
of EFDL #lOO normal rabbit sera diluted to a final 1:lOO
working concentration in sterile field sampling diluent was
pipetted into the last well of each eight well series. Each
of the three classified and pooled screen aspirates were
then serially diluted out to low3 by pipetting 0.025 ml of
the material into the first well of an eight well series,
mixing with the diluent present, and transfering 0.025 ml
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into the second well, mixing, and transfering 0.025 ml into
the third well and mixing.
milliliter of the 10B3

Twenty five thousandths of a
dilution of the sample in the third

well of each series was then transfered to each of the
remaining five wells in the series containing the various
antiseras. Appropriate positive IPNV and IHNV controls as
well as negative media and cell controls were prepared in
the same manner. The prepared microculture serum neutral-
ization plates were then temporarily covered with a sterile
Falcon #3041 lid and incubated at 15 C. for 60 minutes to
affect appropriate neutralization of any virus present.
ClSE-214 cells were then prepared to a 152 dilution based
upc'n surface area as described above and0.15ml of the
dilllted cell suspension pipetted into the last five wells
of r.ach eight well test series on the plate. The plate
was immediately sealed with film and incubated at 12.5 C.
for five days.

The serum neutralization results were read under an
inverted microscope at the end of the five day incubation
period. The results were recorded on the Virological
Examination Report Sheet (Appendix C). Destruction of the
cell monolayer with characteristic CPE in well four, five
and eight of a test series indicated the confirmed presence
of IHNV in that sample pool. Destruction of the cell
monolayer with characteristic CPE in wells six, seven, and
eight indicated the confirmed presence of IPNV in that
sample pool. Destruction of the cell monolayer with
characteristic CPE in wells four, five, six, seven, and
eight could indicate the presence of Herpesvirus salmonis,
a mixture of viral agents, partial neutralization of a
particular strain of a virus, or possibly a previously
undescribed viral agent in which case additional procedures
would have to be applied to confirm identity. All wells
demonstrating CPE in an eight well sample series on the
serum neutralization plate were pooled and lyophilized in
a stabilizer as a reference stock culture. All wells of
the'serum neutralization plate were then stained with a
1% alcoholic solution of crystal violet and dried as a
permanent record of the results.

Sixty individual raw refrigerated serum samples from
each stock of fish were screened for the presence of virus
specific neutralizing antibodies by means of a microculture
modified procedure using the CHSE-214 cell line in passages
267 through 277 and a ME&lo-Tris-PSF  media (Appendix B).
A virulent IPNV stock culture originally isolated in 1978
from Leavenworth spring chinook salmon as Rangen Path. 138-
78-3 (Busch, 1979), was used in all serum neutralization
procedures.

The microculture neutralizing serum titration procedure
was conducted by pipetting 0.025 ml of sterile field
sampling  diluent (Appendix B) into each well of an eight
well series on a sterile Microtest II (Falcon #3040) tissue
culture plate for each serum sample to be titered using an
Oxford 8000H pipette and a sterile Oxford 8105 tip. During
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preparation, the microculture plates were temporarily
covered with a Falcon #3041 sterile plastic lid and
maintained at 15 C. Calibrated 0.025 microtiter loops
(#l-220-33 microdiluters, Cooke Laboratory Products,
Alexandria, Virginia) were flame sterilized, wetted in
sterile 0.9% Hank's balanced salt solution, blotted on
sterile towels, and loaded with individual raw serum
samples from the plugged heparinized microcapillary
tubes. The 0.025 ml of raw sera was then serially
diluted through the eight well series of diluent on
the microculture plate to give a two-fold series of
dilutions from 1:2 to 1:256. Appropriate known positive
and negative trout and rabbit serum controls were included
with each test. Following dilution, all wells on the plate
were then inoculated with 0.025 ml of a field sampling
diluent suspension containing lo6 TCID50 units of Rangen
Path. 138-78-3 Leavenworth spring chinook salmon IPNV virus
previously grown out on CHSE-214 cells, covered, and
incubated at 15 C. for 30 minutes and 4 C. for an additional
30 minutes to effect serum neutralization.

During the 60 minute serum neutralization period, a
stock flask of CHSE-214 cells that had been previously
grown out to 95% confluence at 20 C. in MEM-lo-Tris-PSF
was examined under the inverted microscope for confluence
and quality and dissociated in 4 ml of PAN/EDTA media
(Appendix B). The PAN/EDTA cell suspension was centrifuged
at 1500 x g for four minutes. The supernatant was decanted
and the pelleted cell mass resuspended in a small volume of
MEM-lo-Tris-PSF media. The resuspended cells were further
diluted in MEM-lo-Tris-PSF  media to a final 1:2 working
dilution based upon surface area split ratio and placed
in a 100 ml covered sterile flask containing a sterile
magnetic stir bar. The diluted cell suspension was placed
on a magnetic stir plate with slow stirring to maintain
the cells in suspension. A sterile Minipet repipetting
syringe (Manostat #71-500-101,  Manostat, New York, N.Y.)
was fitted with a sterile disposble 18g X l+" hypodermic
needle and primed with the chilled CHSE-214 cell suspension.
Fifteen hundredths of a milliliter of the diluted CHSE-214
cell suspension was pipetted into each well on the incubated
serum neutralization plates. The plates were immediately
sealed with Falcon #3044 pressure sensitive film and
incubated at 15 C. for seven days. All wells of both the
test and control dilution series were read under the
inverted microscope periodically for evidence of specific
cytopathic effect (CPE), cytotoxicity, and microbial
contamination. Observations were recorded as the highest
serum dilution demonstrating complete viral neutralization
and a total lack of any spe.cific CPE. All wells of the
plate were stained with a 1% alcoholic solution of crystal
violet and dried as a permanent record of the serum
neutralization results.
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III. RESULTS

A total of 300 Pacific salmon and steelhead trout
smelts representing five discrete anadromous stocks at
five Columbia River basin hatcheries were tested for the
presence of infectious viruses during 1979. The results
of these tests are summarized in Table 2. for each of the
hatchery stocks examined.

Neither infectious hematopoietic necrosis virus (IHNV)
nor Herpesvirus saZmonis were found during the course of
'his study. Infectious pancreatic necrosis virus (IPNV)
t.as confirmed at four of five hatcheries sampled and in
four of five stocks of smolted fish examined. IPNV was
i>,>lated from two of three populations of steelhead trout
examined with all twelve five-fish pools of tissue from
the Winthrop steelhead trout stock being positive but only
one five-fish pool of tissue from the Tuccanon steelhead
trout stock being positive. All sixty fish sampled from
the Chelan stock of steelhead trout from Leavenworth
Hatchery were negative for virus. In addition, all twelve
five-fish pools of tissue from the Big White Salmon stock
of fall chinook salmon as well as the Carson stock of
spring chinook salmon were found to be positive for IPNV.

Because of the statistically insignificant numbers of
stocks included for surveillance in the 1979 study, further
analysis of this data by itself is not justified. However,
recognizing that the yearclassof stocks examined for virus
in 1978 and 1979 are largely unique and discrete spawning
populations, the data from both years has been combined
and summarized in Table 3.

Since the yearclassstocks checked for virus during
the 1978 and 1979 studies can be combined to increase
sample size and statistical significance, Table 4. is
used to summarize the combined incidence of IPNV infection
among and within populations by specie. It is shown that
among populations, by species, IPNV was most common in
coho salmon smolt (82% incidence among populations
sampled) and least common in fall chinook salmon smolt
(33% incidence among populations sampled). The IPNV
carrier incidence of'infection within populations by
species was determined on the basis of confirmed viral
isolation from five-fish tissue pools within a sixty-fish
lot for each population. On this basis, the IPNV carrier
incidence within populations sampled was the highest for
coho salmon smolt at 57% and lowest for fall chinook
salmon smolt at 15%.

None of the confirmed IPNV isolations could be associated
with any significant mortality 'or loss within the populat-
ions examined.

The results of serum neutralization testing are summarized
is Table 5. IPNV specific neutralizing antibodies were
detected in 2.44% of the sera from spring chinook salmon
smolt at Carson Hatchery.while  IPNV was isolated from 33%
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TABLE 2, SUMMARY OF PRELIMINARY SCREEN RESULTS AND CONFIRMED IDENTIFICATION OF VIRUS
ISOLATED FROM SELECTED COLUMBIA RIVER DRAINAGE HATCHERY STOCKS OF ANADROMOUS
SALMONID SMOLTS DURING 197%

STATION STOCK NUMBER OF SCREEN POOLS CONFIRMED VIRAL
POSITIVE SUSPECT NEGATIVE ISOLATION RESULT

Big White Salmon fall chinook salmon 12 0 0 IPNV

Carson spring chinook salmon 4 5 3 IPNV

Leavenworth

Tuccanon

steelhead trout (Chelan stock) 0 0 12 negative

steelhead trout 1 0 11 IPNV

Winthrop steelhead trout (Wells stock) 12 0 0 IPNV



TABLE 3, SUMMARY OF CONFIRMED VIRUS ISOLATION  AND IDENTIFICATION FROM SELECTED COLUMBIA
RIVER DRAINAGE HATCHERY STOCKS OF ANADROMOUS SALMONID SMOLTS DURING 1978 AND 1979,

STATION STOCK 1978
CONFIRMED RESULT*

1979
CONFIRMED RESULT

-~ ~~-

Big Creek coho salmon

coho salmon (Cowlitz stock)

IPNV

IPNV

Big White Salmon fall chinook salmon

Bonneville fall chinook salmon (group 1)

hi Carson

;

Cowlitz

Dworshak

Kalama Falls

Klickatat

Kooskia

Leavenworth

coho salmon (yearling)

spring chinook salmon

spring chinook salmon

fall chinook salmon

steelhead trout

spring chinook salmon

coho salmon

fall chinook salmon

fall chinook salmon

coho salmon

spring chinook salmon

spring chinook salmon

(continued)

negative

IPNV

negative

negative

IPNV

negative

IPNV

negative

IPNV

IPNV

IPNV

IPNV

IPNV

IPNV



TABLE 3. (continued)

Leavenworth

Little White Salmon

Rocky Reach

Sandy

Spring Creek

Skamanla

Toutle

Tuccanon

Willard

Winthrop

steelhead trout

steelhead trout (Chelan stock)

fall chinook salmon

coho salmon

coho salmon

fall chinook salmon

steelhead trout

coho salmon

coho salmon (Montlake  stock)

fall chinook salmon

steelhead trout

steelhead trout

coho salmon (group II)

coho salmon (group III)

fall chinook salmon

steelhead trout

steelhead trout (Wells stock)

negative

negative

negative

IPNV

negative

iPNV

IPNV

IPNV

IPNV

negative

negative

IPNV

negative

IPNV

negative

IPNV

IPNV

*
from Busch, 1979.



TABLE 4, COMBINED INCIDENCE  OF INFECTIOUS PANCREATIC NECROSIS VIRUS IN SELECTED STOCKS

OF ANADROMOUS  SALMONID SMOLT AT COLUMBIA RIVER DRAINAGE HATCHERIES DURING 1978 AND
1979 I

All Stations Sampled

All Stocks Combined
N

iG coho salmon

fall chinook salmon

TOTAL STOCKS STOCKS WITH INCIDENCE OF INFECTION INCIDENCE OF INFECTION
EXAMINED CONFIRMED IPNV AMONG POPULATIONS WITHIN POPULATIONS

19 14 74% ---

33 20 61% 41%

11 9 82% 57%

9 3 33% 15%

spring chinook salmon 5 3 60% 41%

steelhead trout 8 6 75% 52%



TABLE 5, SUMMARY OF CONFIRMED VIRAL AND SERUM NEUTRALIZATION  RESULTS FROM FIVE SELECTED
COLUMBIA RIVER DRAINAGE HATCHERY STOCKS OF ANADROMOUS SALMONID SMOLTS DURING 1979.

STATION STOCK
CONFIRMED TOTAL SEEA TOTAL SERA INCIDENCE OF

vlBA&;;TLAT1oN  EXAMINED IPNV POSITIVE SEROPOSITIVE TER
SAMPLES

Big White Salmon fall chinook salmon IPNV --------- no serum samples taken ----------

Carson spring chinook salmon IPNV 41 1 2.44% 1:4

Leavenworth steelhead trout (Chelan stock) negative --------- no serum samples taken ----------

Tuccanon steelhead trout IPNV 56 17 30.36% 1:3.6

h) Winthrop steelhead trout (Wells stock) IPNV 38 0 0.00% negative
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of the homologous five-fish tissue pools tested. Steelhead
trout smolts sampled at Tuccanon Hatchery had a 30.36%
incidence of seropositive IPNV specific neutralizing
antibodies among 56 individual sera while only 8.33% of
the homologous five-fish tissue pools were positive for
IPNV isolation.

Even though the Wells stocks of steelhead trout at
Winthrop Hatchery had a 100% incidence of IPNV isolations
among the twelve five-fish tissue pools sampled, no IPNV
specific neutralizing antibodies could be found among the
38 homologous individual sera tested. As no sera were
made available to the Big White Salmon or Leavenworth
stocks, no serum neutralization tests on these two stocks
were run.

IV. DISCUSSION

The failure to isolate either Herpesvirus saZmonis or
infectious hematopoietic necrosis virus (IHNV) during the
course of this study, either during 1978 or 1979, is not
unusual when considered within the given limitations of the
experimental design applied. Herpesvirus salmonis or other
closely related salmonid viruses have yet to be isolated
from coho salmon, chinook salmon, or steelhead trout in the
United States. In fact, the virus has only been isolated
once in North America from a Columbia River basin salmonid
stock and has not been seen since. Due to the fact that
our knowledge of the ecology and epidemiology of the
disease is still limited, it can only be said that the
virus was not detected within the limitations of the
experimental design applied. Possibly by broadening the
scope of the study by including conditions known to be
optimumfor the recovery of the virus at all stages in the
life history of Pacific salmon and steelhead trout as well
as the application of more sensitive techniques of serologi-
cal surveillance such as detection of specific neutralizing
factors in the sera or other body fluids or the detection
of specific antigens or antibodies in the various body
tissues and fluids by means of enzyme linked immunoadsorbent
assay (ELISA) or counterimmunoelectrophoresis (CIE) procedures
could also give a better understanding of the ecology of the
disease and its impact on anadromous stocks of salmonids.

Infectious hematopoietic necrosis virus (IHNV) is known
to be endemic to the Columbia River basin but is usually
considered a disease of fry and fingerling chinook salmon
and steelhead trout. Coho salmon appear resistant but are
known to function as asymptomatic carriers. IHNV is also
known to enter into a non-infectious "eclipse" phase of
infection in post-epizootic or convalescent populations and,
as such, cannot be isolated and identified by routine methods
of culture as applied in this study. In order to obtain a
better understanding of the ecology, epidemiology, and
overall impact of IHNV on the anadromous salmonid stocks
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of the Columbia River basin, surveillance programs should
include testing of ovarian fluids from adult spawming

. populations as well as progeny fry at the swim-up stage
as these are the two stages in the life history of the
fish when the virus is known to exist in the infectious
form. Techniques of chemical induction or serological
surveillance using serum neutralization, ELISA, and CIE
procedures may be effective in detecting virus at these
and other stages when the virus may be present in the
non-infectious eclipse form.

Extensive recent isolations of IHNV from clinically
diseased rainbow trout fingerlings and yearling fish at
14.5 C. (58 F.) (Morton and Busch, 1980) may indicate
that strains of IHNV in the Columbia River basin are
significantly extending their host, geographic, and
temperature tolerance ranges and again points out the
fact that the salmonids viruses are in,a continuing
dynamic state of adaptation. Descriptions and accepted
facts of ecology and epidemiology based upon historical
information may not necessarily continue to hold true
in the future as the viral pathogens adapt to new hosts
and environments.

Isolation of infectious pancreatic necrosis virus (IPNV)
from the stocks examined and, in particular, the repeated
finding of a relatively high incidence of the virus among
the populations in comparison to some previous reports of
surveillance again seems unusual upon initial examination
as was pointed out in last year's study. However, when
one takes into consideration that IPNV is: 1) known to be
endemic to large areas of the Columbia River basin; 2)
known to infect both Pacific salmon and steelhead trout
under both experimental and natural conditions; and 3) has
been detected in at least ten discrete populations of
Pacific salmon and steelhead at seven different stations
since 1971 and prior to this study; the results take on
a more consistent image. It is also noted in this study
and in several previous surveillance studies that IPNV
has been isolated only from visceral tissues of infected
returning adult stocks and their 30 to 60 day old progeny
fry and not from reproductive fluid samples, However,
our current understanding of the epidemiology of IPNV in
anadromous stocks of Columbia River salmon and steelhead
trout seems to be primarily based upon studies which relied
primarily upon ovarian reproductive fluid samples and were
specifically designed to monitor for IHNV. When McMichael
(1974) and Tebbit (1975) sampled both reproductive fluids
and pooled visceral tissues from returning adult salmon
populations, they were able to isolate IPNV from four
discrete populations. However, all four IPNV isolations
were obtained exclusively from the pooled visceral tissue
samples while all of the paired homologous reproductive
fluids samples remained negative for the virus (Tebbit,
1979, personal communication). This observation would
indicate that surveillance studies based solely upon
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reproductive fluid samples, while being well suited to the
detection of IHNV, may not accurately reflect the true
incidence oroccurrenceof IPNV in a population of asympto-
matic adult carriers.

It should also be noted that McMichael (1974) consistently

failed to isolate IPNV from known infected fry populations
of Pacific salmon after 60 days of age post feeding.
Therefore, additional surveillance programs should be
designed to sample fry and fingerling sized fish at 30 to
60 days of age post feeding and at smoltification prior to
hatchery release in order to detect the presence of IPNV
accurately.

IPNV as well as many other diseases of viral etiology
are known to be stress mediated as well as being species
and age specific. The period of smoltification in the life
history of an anadromous salmonid fish is recognized as a
time of major physiological change and stress to the animal,
particularly under hatchery conditions of intensive culture
and nutrition. It is also a time when hormonal balances
are in a state of flux and these too have been correlated
with theoccurrenceof certain diseases. Therefore, it is
reasonable to assume that this period of smoltification
and physiological stress, particularly when coupled with
major changes in hormonal balances and behavior, could well
exacerbate a preexisting subclinical infection of IPNV or
even increase the relative susceptibility of an uninfected
population to infection from an endemic source common to
the hatchery or watershed. To the best of our knowledge,
this is the first surveillance study to report on results
obtained specifically from populations undergoing smoltifi-
cation.

Another consideration for discussion is the demonstrated
low incidence of IPNV to be found among the asymptomaticly
infected populations. Tebbit and McMichael (1974) reported
only two of twelve five-fish tissue pools taken from adult
coho salmon returning to Bonneville Hatchery in 1971 were
found to be positive for IPNV. Only six of twelve five-fish
pools of tissue from adult coho salmon returning to Cascade
Hatchery in 1972 were positive for IPNV (Tebbit, 1975). In
last years study of 1978 broodyear fish seven of the 16
populations found to be infected with IPNV demonstrated
virus in less than half of the five-fish tissue pools
examined on initial screening. This year, in 1979 brood-
year fish, two of the four populations found to be infected
with IPNV demonstrated the virus in fewer than half of the
five-fish tissue pools examined on initial screening. These
findings would indicate that a full 60-fish sample, based
upon hypergeometric sampling statistics, may be necessary
in order to consistently detect the virus. Spot checks
of fewer than 60 fish are apt to miss detecting an infection
of low incidence as many seem to be.

A final consideration in the surveillance of IPNV in the
Pacific salmon and steelhead trout stocks of the Columbia
River basin is the demonstrated variability
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in the occurrence of the virus between different year classes
of a particular stock. During extensive sampling between
1971 and 1974, McMichael (1974) and Tebbit  (1975) consistent-
ly failed to isolate IPNV from the same hatchery stocks
during subsequent years even though neutralizing antibodies
indicating prior exposure were found to be present at times.
Therefore, it appears reasonable to assume that the
demonstrated presence or absence of IPNV in a particular
year class of a given hatchery stock of anadromous salmon
or steelhead trout may not necessarily mean that all other
year classes of that same stock
or free of the disease.

will be similiarly infected
As was shown in Table 3. the 1978

year class of Carson spring chinook salmon were negative
for IPNV, however, the 1979 year class was found to be
positive. The same holds true for the Tuccanon steelhead
trout stocks examined in 1978 and 1979.

It should also be noted that paired five-fish pooled
tissue samples sent to Dr. Dan Mulcahy at the National
Fisheries Research Center in Seattle were all reported
as being negative for virus (see Appendix D). As Dr.
Mulcahy indicated in his letter, this additional testing
did nothing to clear up the question. It is suggested that
additional intensive testing of 120 to 156 individual fish
from one or two selected sites be undertaken by two or more
laboratories using the identical cell lines protocols
procedures as used in this study by Rangen Research. A

and

possible exchange of personnel may also be needed to insure
complete and accurate duplication.
as ELISA, CIA, FAT, etc.

Additional methods such
may also be considered.

The serum neutralization results obtained in this study
indicate that this technique may be useful in additional
surveillance studies. However, more sensitive serological
techniques such as ELISA and CIA may be able to give higher
titers and more definitive results. Samples also need to
be handled and processed more rapidly to insure minimum
loss of acitvity during storage.

low
Based upon these observations including the relatively
incidence of IPNV both among and within populations of

anadromous Pacific salmon and steelhead trout in the
Columbia River basin, the serological findings of McYichael
(1974) and Tebbit (1975) utilizing neutralizing antibody
techniques, and the variability of clinical infection
between the different year classes and life history stages
of a particular stock, it is suggested that future attempts
at viral surveillance include both sampling of visceral
tissues as well as reproductive fluids from spawning
populations. Progeny fry and fingerlings should be sampled
at 30 to 60 days of age post feeding and smolted fish should
be sampled just prior to hatchery release. Attempts at
isolation of virus during the various stages of the life
history should be coupled with techniques of serological
surveillance based upon serum neutralization, ELISA, and
CIE procedures. All year classes of a particular stock
should be examined over the course of the study.
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Any additional studies of a viral surveillance nature
undertaken in the future may also want to include procedures
for the detection of piscine erythrocytic necrosis (PEN)
virus disease, particularly if returning adult salmon and
steelhead trout populations are included in the sampling.

The demonstrated presence of IPNV in smolted stocks of
Pacific salmon and steelhead trout in the Columbia River
basin should be of concern but not alarm to resource
management agencies. IPNV has yet to be associated with
any significant mortality in stocks of Pacific salmon under
hatchery conditions and is not an altogether common cause
of mortality in stocks of steelhead trout with the possible
exception of one station in Southern Idaho. The disease
does, however, hold the potential for significant losses
of steelhead trout under hatchery conditions and signifi-
cant harm to this species. The sublethal impact of the
virus on Pacific salmon throughout their life history,
particularly with regard to ocean survival and adult return,
has yet to be determined.

v. CONCLUSIONS

1. Infectious pancreatic necrosis virus (IPNV) was
isolated from four of five stocks of Pacific salmon

and steelhead trout smolts at four of five Columbia River
basin hatcheries during surveillance of 1979 brood year
stocks.

2. The presence of infectious pancreatic necrosis virus
(IPNV) in stocks of Pacific salmon and steelhead trout

smolts at selected Columbia River basin hatcheries in 1979
was not associated with any significant mortality.

3. Infectious hematopoietic necrosis virus (IHNV) was
not isolated from any of the five stocks of Pacific

salmon and steelhead trout smolts at five Columbia River
basin hatcheries in 1979.

4. Herpesvirus saZmonis was not isolated from any of
the five stocks of Pacific salmon and steelhead

trout smolts at five Columbia River basin hatcheries in
1979.

5. Additional funded in-depth-studies are needed to
resolve questions concerning the ecology and epidemio-

logy of infectious pancreatic necrosis virus (IPNV) in
hatchery stocks of Pacific salmon and steelhead trout in
the Columbia River basin.
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NMFS - MIGRANT SMOLT HEALTH INDEX STUDY

-Field Sampling Procedures-

A. Field Sampling Kit - each field sampling kit consists
of 13 graduated plastic screw-cap tubes of sterile
viral sampling and transport diluent (12 sample tubes
and 1 replacement tube), 1 sample tube shipping rack,
1 preaddressed shipping label for return of field
sampling kit and samples, 1 instruction and field
sampling data sheet, 1 lnsulated shipping container.
This kit is sufficient for sampling a single lot of
60 fish for virus screening. Field kits should be
stored at 4 C. prior to use and at no time should
they be frozen or held above 15 C. Gel packs of
refrigerant should be held in the freezer prior tc
packing for return shipment.

B. Sampling Procedure - 60 fish should be randomly
selected from a defined lot and divided into 12 5-fish
pools. The fish should be sacrificed by a blow to
the head and aseptically opened to expose the kidney
and viscera with sterile dissection instruments. Care
must be taken during dissection not to cut into the
gastro-intestinal tract or otherwise contaminate the
internal tissues. Tissues for viral assay should be
quantitatively sampled with the modified Russion Tissue
Forceps provided. The forceps should be dipped in
70% isopropyl alcohol and wiped clean to disinfect
between 5-fish pools. Tissues from each fish are
sampled by taking one (1) full forcep of material
and depositing it in the sterile viral sampling
diluent. This tissue volume is critical and the
tissue should only fill the cups of the forceps, no
more, no less. Tissues to be sampled from each of the
5 fish in the pool in order of sampling are the liver
(being careful to avoid the gall bladder and the
introduction of bile into the sample), the spleen
(being careful1 to sample as little as possible oi
associated adipose or fat tissue), and the kidney.
After all three tissues from each of the five fish in
the pool are sampled and placed in the tube of
sampling diluent, the tube is capped tightly and placed
securely in the tube rack. Samples and diluent should
be kept cool and out of the sun during the entire
sampling procedure.

C. Shipping - When all of the samples are taken and the
field sampling data sheet has been completed, all
materials are placed back into the insulated shipping
container together with sufficient frozen gel pack
refrigerant to lastfor 48 hours. The prcaddresred
shipping label is placed on the outside of the container
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Field Sampling Procedures page 2

and the container sent as soon as possible after
sampling the single lot. Shipment should be by either
Grayhound Package Express or United Parcel Service.
Avoid shipping over weekends or holidays. If necesszry,
hold samples at 4 C. in a refrigerator and ship on the
following Sunday or Monday.

D. If there are any questions or problems, contact:

Dr. Robert A. Busch
Rangen Research Station
Route 1, Box 264
Hagerman, Idaho 83332

Office: (208) 837-6192
Home: (208) 837-6370
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NMFS - MIGRANT SMOLT HEALTH INDEX STUDY.

-Field Sampling Data Sheet-

NMFS Sample Code:

Sampling Location:

Date: / /

Time: hours

Technician:

Species Sampled:

Original Source and
Identification

Sampling Notations, Observations, Gross Lesions, etc.:

Virus Disease History: Yes or No
1) Has a virus disease ever been diangosed

in these fish stocks sampled?

2) Has a virus disease ever been diagnosed
at the station of origin of these fish?

If the answer is "yes" to either or both of the above
questions, please indicate which virus disease was
diagnosed, on what date, and by whom:

Sample Shipment Information:

Via:

Point of Origin:

Date: / /

Time: hours

Sample Receipt Information:
Received Date: / /T i m e :
Condition:

123
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VII. APPENDIX B

Formulation of Medias and Reagents

A. Field Sampling Diluent

Dulbecco's PBS (10X stock)
Gibco #408 100 ml

T/C Grade Water 800 ml
Gentamicin (50 mg/ml stock)

Shering.Corp. 4 ml
Amphotericin B (250 ug/ml stock)

Gibco #529L 4 ml
Phenol Red (0.5% stock)

Gibco #510 4 ml

Adjust pH to 7.2 with sterile 1N NaOH

Adjust final volume to 1 liter with T/C
grade water

B. Decontamination Diluent

Dulbecco's PBS (10X stock)
Gibco #408

T/C Grade Water
Gentamicin (50 mg/ml stock)

Schering Corp.
Amphotericin'B (250 ug/ml stock)

Gibco #529L
Phenol Red (0.5% stock)

Gibco if510

100 ml
800 ml

20 ml

2 ml

4 ml

Adjust pH to 7.2 with sterile 1N NaOH

Adjust final volume to 1 liter with T/C
grade water

C. MEM-lo-Tris-PSF Tissue Culture Media- -
Eagle/Earle MEhl (Auto-Pow)

Gibco #410-1700 4 . 7 0 1  g
T/C Grade Water 421.3 ml

Autoclave at 121 C. for 15 minutes

Cool and aspetically add:

Fetal Calf Serum (mycoplasma and virus free)
Gibco #614 50 ml

1-Glutamine (200 nhl)
Gibco #503 5 ml

Sodium Bicarbonate Solution (7.5% stock)
Gibco $508 5 ml

Tricine Buffer (lh! Tris)
Gibco #573 5 ml

Antibiotic-Antimycotic (100X stock)
Penicillin 10,000 U/ml
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Streptomycin 10,000 ug/ml
Amphotericin  B 250 ug/ml

Gibco #600-5240
Calcium Chloride (10% stock)

Adjust pH to 7.2 with sterile 1N NaOH

Adjust final volume to 500 ml with T/C
grade water

5 ml
1 ml

D. PAN/EDTA Dissociation Media

Versene (1:5000 solution)
Gibco #670-5040

Pancreatin (4X N.F. reconstituted to
100 ml

2.5% in 20 ml sterile T/C water)
Gibco #R13-5720-L

Phenol Red (0.5% stock)
4 ml

Gibco #510 0.4 ml
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VII. APPENDIX C 

( ) Diagnosis 
( ) Certification 
( ) Surveil lance 

VIROLOGICAL I~XAMINATION 
FISH I’ATIIOI,OGY IAI3ORATORY 

File No.: -- .._ 
HANGEN HESIMRCII IIATCII~:RY Act. No. : 

3timpling Date: / ‘/ Time: hours Tcschn ician : - 

( ) frozen ( ) refrigerated 
Holding condition: 

Comnwn t : 

Ti ssuf! Samp 1 od : 

I nocu 1 ant Prcpara t ion : 

--_ 
Prtr;’ . In(*ubnti~~n: 0 C hours --- - Inoculation I)nto: / / Tinlcr: 1 --- 
‘r~(-hn ic i :tn : I IIOC! : Vol . : 0.025 0.05 0.1 0.2 ml ( ) wcxt. ( ) (‘I” 

( ) sinKlc ( ) dupIic:ato ( ) microtitc!r ( ) nllllI.iwc~I] ( ) 60 mm disl 
Absorbt. ion Time: min. Oc. 

Ct - )att? IVcssel 1 Growth Temp. 1 -- I I 
Conf. 1 Quality IInc. I I I --c ~;~;dI~ne lhssnrr I:(1 Date IVessel 1 Growth Temp. 1 Conf. 1 Quality IInc. -:; 

-- 
’ . . . . . -.- Conlrol Virus: -.. - -__-___ -.. - _-----_ - .-----. .---_--_- - .-- ---. .---__-_- --.- --.- --- --- 

r,ot -r : r,ot -r : -- --- - -- 
RESUI,TS : 

’ i- 

- --- 

._-.. _-,___ _ -- -- I- _ - ._-. __,_ _ AL__, - - 
---.- . .- ---. --- - .- - 1 -----j-- ----- -kFi -t .+- , - : 
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VII. APPENDIX C

VIROLOGICAL EXAMINATION
(continued)

Serum Neutralization (microculture):
paw 2

Set-up Date: / / Time: hours Technician:

Sample Handling: ( ) raw ( ) filtered ( ) fresh ( ) stored  4 C. d :I>

Neutralizing Antisera: Working Dil.: .--
Working Dil.: . _

Cc,ntrol Sera: Working Dil.: -
Cell Line Passage Seed Date Vessel Growth  Temp. Conf. Quality Inc.'- ..-

-

Neutralization: Viral Sup. Working Dilution: Volume: ml

Antiserum Volume: *ml Ratio:

Incubation Time: min. Temp.: C.

Inoculation: Inoc. Vol.: ml  ( ) wet ( ) dry Absorb. Time: mix

Media: Lot #:

Control Virus:

Plate Identification:

WELL A B C D E F G H ..
ROW Sample No. T E S T RESULTS

1

2 -..
3

4 _ -..
5

6
7

v+~::

8
I

9

10

11

12
Remarks:

.-1 .

-

1
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i\7atiod Fishcries Rcscu-ch  Cc11 tcr - Scmk
Bldg. 204, Naval Sul'porf Acri\.it)

SattIc, Washingron 3Sl15

June 28, 1979

Mr. John A. Miller
U.S.- Fish and Wildlife Service
Olympia Area Office
2625 Parkmont Lane
Olympia, Washington 98502

Dear John:

As mentioned in our telephone conversation today, we have com-
pleted the virus testing of five Columbia River basin hatcheries.
Mr. Tony Novotny, NMFS, collected the fish and live-hauled them
to his facility.
each group.

He supplied organ samples as 5 fish pools from
Each organ was split and half sent to us and half to

Dr. Bob Busch, Ranger Research Hatchery, Idaho. One group was
of such small size that splitting organs was not possible. Organs
from separate test groups were supplied. Steve Leak, USFh'S,
obtained samples of one group. at the time Novotny picked up the
fish.

The sites and species tested and the results obtained are given
here:

Species Location Results
Busch -Mulcahy Leek

Steelhead Wells Rearing Pond
(held at Winthrop H)

+ NT*

Steelhead Leavenworth H.
(Chelan H. stock)

NT

Steelhead Tucannon H. NT

SP. Chinook Carson H. +

Fall Chinook Big White H. + NT

* Not tested

As you can see, this testing does not clear anything up. I would
recommend selecting one site for a more intensive examination of
about 150 individual fish. Both the usual detection m
fluorescent antibody should be used. Additionally, a

c~scnvc
-Unc*3

228

.~o\,r Energy and You St-ri*e Ameriru’



VII. APPENDIX D

Page 2
June 28, 1979

be returned to the lab for placement in salt water and any mor-
talities examined.

Please feel free t0 call me for any further assistance.

Sincerely,

Dan Mulcahy, Ph.D.
Research Virologist

cc: Steve Leek
Bob Busch
Tony Novotny
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HISTOPATHOLOGY REPORT
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APPENDIX B. Report of the Veterinary Pathologist

Correction:

References are made to the pathology of the olfactory "lobe" in the

following report. The correct terminology should be the olfactory "pit,"

"organ," or -BBC,~ as the tissue examined was from serial sections through

the nares, which reveal the epithelium of the olfactory organ. The

olfactory lobe is a projection of the anterior lower margin of the cerebral

hemispheres.
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BIOMED RESEARCH LABORATORIES

6io/og;cal Testing - Research & Development

1115 E. Pike Street Seattle, Washington  98122 (206) 324-0380

January 11, 1980

National Marine Fisheries Service
Manchester Marine Research Station
Anthony Novotny,
Fisher ies  Research  Bio log is t
P.O. Box 38
Manchester, Washington 98355

SUBJECT: Histopathological survey of 1979 Columbia River
hatchery stocks involved in the National Marine
Fisheries Service (NMFS) homing studies.

METHODS AND MATERIALS: The following five stocks of hatchery
f ish  are  evaluated  in  this  h istopatholog ica l  s tudy:

1) Tucannon Steelhead
2) Chelan Steelhead
3) Big White Salmon Fall Chinook
4) Carson Spring Chinook
5)  Wel ls  Steelhead

Sixty f ish from each hatchery are tagged in the lower
jaw with a numbered anchor tag,  f ixed in Bouin's
so lut ion  for  24  hours , rinsed with tap water and
stored  in  20  l i ter  buckets  o f  10% buf fered  formalin
f o r  a  t o t a l  o f  3 0 0  f i s h .

The  f ixed  t i ssue  i s  t r immed into  a  set  o f  four
blocks which are parafin embedded, sectioned and
stained with hematoxylin and eosin.  Block #l consists
o f  a  cross -sect ion  o f  the  head containing  the  bra in
and both  eyes  and occas ional ly  thyro id ;  b lock  #2,
t h e  g i l l  a n d  t h y r o i d  ( t h e  s e c o n d  g i l l  a r c h ) ;  b l o c k
#3, the  l iver  and kidney  and b lock  #4, a  cross-
s e c t i o n  o f  t h e  o l f a c t o r y  l o b e .

LESIONS FROM BLOCK #l (eye, periorbital muscles and fat,
bra in  and opt ic  nerve) :

Lesions in the striated muscle and adipose tissue
surrounding the eye are rare and occur in only the
Chelan Steelhead and Carson Spring Chinook. The
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evaluation of  the muscle lesions is  subjective and
i t  i s  d i f f i c u l t  t o  t e l l  f i x a t i o n  a r t i f a c t s  f r o m
very mild degenerative changes.  The typical  (+) lesion
is a mild one in which there is  an irregular loss of
myofibril ls within the muscle f iber and a mild granu-
larity of  the sarcoplasm. The moderate (++) lesions
are slightly more pronounced and in some instance
have a few mononuclear cells between the muscle
f i b e r s .

The retrobulbar fat lesions vary from a mild infi lt-
ration of  mononuclear cells  to necrosis of  the adipose
tissue to actual inflammation which is usually a
pyogranulomatous retrobulbar panniculitis (especially
in the Carson Spring Chinook). This retrobulbar
panniculitis is  associated with a pyogranulomatous
inflammation of  the olfactory lobe in a high percent
o f  the  cases . No intraocular lesions are present
in any of  the f ish.

One fish has an acute focal area of hemorrhage in
the periocular muscles which appears to be the result
of trauma immediately prior to death. One fish has a
microfocal  accumulation of  mononuclear cells  in the
opt ic  nerve ,  f ive  have  a  mononuclear  in f i l t rat ion  o f
the meninges and two have encephalitis. One fish has
a sporazoan parasite in the pharyngeal epithelium
and another has a nematode adhearing to the wall o f
the pharynx.

LESIONS FROM BLOCK #2 (gill and thyroid): In almost all  of
the hatchery f ish; t'here.is  a  s l i g h t  (+) p r o l i f e r a t i o n
o f  t h e  g i l l epi thel ium with  subepithel ia l  in f i l trat ion
of a few lymphocytes. This is most pronounced where
the  g i l l  f i lament  jo ins  the  g i l l  arch .  In  moderate
cases  (++) th is  lymphoid  in f i l t rate  increases  to
severa l  ce l l s  in  th ickness .  No  severe  (+++) cases  o f
lymphoid  in f i l t rat ion  are  present  in  these  f ive
groups  o f  f i sh . The  g i l l  ep i thel ium pro l i ferat ion
tends  to  paral le l  the  lymphoid  inf i l t rat ion  in
sever i ty .  The  epi the l ia l  pro l i ferat ion  i s  most
pronounced on the tips of  the.gill  f i lament.  In
moderate (++) cases lamellar hypertrophy is present
with some proli feration from the bases of  the secondary
lamellae. In  marked  (+++) cases  th is  pro l i ferat ion
results in short club-like lamellae which are fused
at the base. In the fish examined, none have lesions
that have progressed to the point of  complete fusion
between adjacent gil l  lamellae.
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OTHER SPORADIC LESIONS PRESENT ARE: Lymphatic telangiectasis
(F.l) of the secondary lamellae in three of the
Tucannon Steelhead. Vascular telangiectasis of the
secondary lamellae in one of the Wells Steelhead.
The lymphatic telangiectasis represents an acute
terminal change related to impaired lymphatic return
and probably results when the fish is not euthanized
rapidly. The vascular telangiectasis is a chronic
lesion associated with physical or chemical trauma
to the gills. This is commonly found in farmed fish
after grading, pond transfer or when they are exposed
to metabolic waste, highlevels of feed particles
in the water or chemical pollution. It results from
the rupture of the pilaster cells which normally join
the dorsal surface of the secondary lamellae to the
ventral. This results in a dilation of the lamellar
capillary pooling,of blood, thromboses and fibrosis.

Solitary basophilic masses in the secondary lamellae
are present in 6.7% of the Tucannon Steelhead. These
bodies appear to be an intracellular or subepithelial
microsporidian protozoan parasite (F.2).

Solitary eosinophilic masses in the secondary lamellae
are present in 3.3% of the Tucannon Steelhead. These
bodies are individual gill epithelial cells which
are undergoing necrosis (F.l 4 3). The significance
of these lesions is unknown.

One of the Tucannon Steelhead has a nematode parasite
in the gills, one of the Chelan Steelhead has a
focal granuloma of undetermined etiology in the secondary
lamellae, one Carson Spring Chinook has a mixed
inflammatory lesion at the base of the second gill
arch and one of the Wells Steelhead has a mucopurulent
inflammation of the gill surface.

A sporazoan parasite is present in the gill epithelium
of 26.6% of the Chelan Steelhead (F. 3). The majority
of the thyroids examined have normal thyroid follicles
with normal low cuboidal epithelium and eosinophilic
colloid secretion. Because of the diffuse distribution
of the thyroid follicles in telosts, thyroid tissue
was not found in all of the tissue sections. There was
no evidence of thyroid neoplasia or degeneration;
however two Carson Spring Chinook had a perifollicular
thyroiditis which appeared to be a secondary infection
and not a primary thyroid lesion.
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LESIONS OF BLOCK #3 (liver and kidney): Microfocal accumulations
of mononuclear cells in the hepatic parenchyma is
present in the f ish from all  f ive hatcheries;  however,
the percentage of  f ish with the lesions varied
considerably,

Tucannon Steelhead 3.3%
Chelan Steelhead 8.S%
Big White Salmon Fall Chinook 34.5%
Carson Spring Chinook 24.1%
Wells Steelhead 1.7%

Although no necrosis is  associated with the focal
accumulation of mononuclear cells, some of the larger
foci show a tendency towards a granuloma formation.
The Carson Spring Chinook have 6.9% of the fish with
these microgranulomas and an additional 5.2% with well
developed lesions comparable with those produced by
Corynebacterium 3. (KD). One of the Chelan Steelhead--.-
Es a nonsuppurative  triaditis .of unknown etiology, and
one of the Tucannon Steelhead has a single
sporazoan  parasitic granuloma (F.5).  Only the
Carson Spring Chinook have any renal lesions. Although
the abundant hematopoietic tissue make the granulomas
more diff icult  to recognize,  8.8% of  the Carson
Spring Chinook have lesions characteristic  of  kidney
d i s e a s e  (Corynebacterium  sp.).- - -

LESIONS OF BLOCK U4: The olfactory lobe appears to be an
excellent organ to examine in a healthscreen because
of  the  var iety  o f  e t io log ica l  agents  that  appear  to
become established there.  Cil iated protozoan parasites
(F. 6 8 7) are present in 53.5% of the Tucannon
Steelhead, and 3.3% of the fish have a nematode
parasite present. The lot from the Chelan hatchery has
nematode parasites in the olfactory lobe in 5.1% of
the f ish.  Most of  the hatcheries have a low incidence
of inflammatory lesions in the olfactory lobe with
no infections in the Chelan Steelhead and Big White
Salmon Fall Chinook, only one of the Wells Steelhead
have a mild inflammation and only one of the Tuccanon
Steelhead have a pyogranulomatous inflammation of P
the  o l factory  lobe . The Carson Spring Chinook have
25.4% with a pyogranulomatous inflammation of
the  o l factory  lobe , 1.7% with a mild inflammatory
react ion , and 1.7% with acute focal hemorrhages
which appeared to be traumatic in orgin. The high
incidence of the pyogranulomatous olfactory inflammation
correlates with the kidney disease lesions,  and leads
one to speculate that the Corynebacterium may enter
the host through the olfactory epithelium in some cases.
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Other spontaneous lesions found in the fish are a
sporazoan parasite in the pharyngeal epithelium
of a single Tucannon Steelhead and pyogranulomatous
ureteritis, focal tubular degeneration and a
focal dilated renal tubule containing large bacteria
in three seperate Carson Spring Chinook.

DISCUSSION: The total incidence of the lesions in the fish
examined is reported as the percent of lesion
containing tissue in the total number of tissues
examined. A detailed statistical analysis is not
attempted. Some of the lesions are grouped in mild
(+I, moderate (++) and marked (+++) categories.
Most of the lesions in the fish examined are mild
to moderate with severe lesions being rare.

The skeletal muscle lesions of the eye are mild and
not very common, The mild lesions could possibly
be an artifact due to inadequate (slow) fixation.
Some of the more severe lesions may be secondary
degeneration due to periorbital inflammation; however,
a few cases are suggestive of a primary muscle
degeneration. This appears to be the case in the
Chelan Steelhead which are from a selenium deficiency
area of the state. A comparison of tissue selenium
levels from the various hatcheries would help evaluate
this problem and provide a guide for food supplemen-
tation.

The gills of the fish have only mild to moderate
lamellar hypertrophy and lymphocytic infiltration

gill

which is expected in hatchery fish. Histological
evaluation of the gills is subjective because the
lymphoid cell population varies in density at
different levels in the gill arch. Increased
lymphoid cells in the gills are a non-specific
indicator of exposure to antigens in the water. The
lamellar epithelium hypertrophy is in response to
physical or chemical irritation which is common in
hatchery reared fish. Other sporatic gill lesions
such as lymphatic telangiectasis and vascular
telangiectasis of the secondary lamellae, solitary
basophic and solitary eosinophilic masses of the
secondary lamellae,
low incidence.

and nematode parasites are of

gill
Only the sporazoan parasites in the

epithelium of 26.6% of the Chelan Steelhead
have a high level of infestation.



The liver and kidney sections from the Carson Spring
Chinook are the only ones that show any charasteric
histo log ica l  les ions  o f  k idney  d isease .  These  f i sh
also have the highest incidence of pyogranulomatous
olfactory lobe inflammation, pyogranulomatous
retrobulbar inflammation and brain inflammation. It
may be that one portal of entry for the corynebac-
terium organism is through the olfactory lobe. While
KD organisms cannot be detected in the H G E tissues,
the  corre lat ion  o f  these  h is to log ica l  les ions  with
the incidence of positive FA procedures for KD will
be important.

SUMMARY : This  i s  a  h istopatholog ica l  survey  o f  s ixty  f i sh  each
from the following Columbia River Hatchery stocks
involved in the National Marine Fisheries Service
homing studies: Tucannon Steelhead, Chelan Steelhead,
Big White Salmon Fall Chinook, Carson Spring Chinook
and Wells Steelhead. In this study, particular
emphasis,by  request,is  d i r e c t e d  t o  t h e  e y e ,  g i l l ,
l i v e r , kidney, o l f a c t o r y  l o b e , thyroid and brain.

Periorbital striated muscle degeneration is present
in the Chelan Steelhead and the Carson Spring Chinook.
The Chelan Steelhead lesions may be a nutritional
myopathy; however, the Carson Spring Chinook lesions
appear to be secondary to a periorbital  bacteria
inflammation.

All  of  the hatchery f ish have mild to moderate gil l
epithelial  hypertrophy and lymphocytic infi ltration.
A few sporatic  gil l  parasites are present;  however,
there is  a high incidence (26.6%) of  sporazoan
parasites in the secondary lamellae of the Chelan
Steelhead. A high number (53.3%) of the Tucannon
Steelhead have ci l iated protozoan parasites in the
olfactory lobe and an occassional  nematode parasite
is seen in the Tucannon and Chelan Steelhead.

A few foci  of  mononuclear cells  are present in the
l ivers  o f  the  f i sh  f rom al l  f ive  hatcher ies ;  however ,
only Carson Spring Chinook have liver and kidney
lesions indicative of  kidney disease.  Marked
pyogranulomatous inflammation of the olfactory lobe
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o r  p e r i o r b i t a l  t i s s u e  i s  p r e s e n t  i n  a l l  f i s h  w i t h
les ions  suggest ive  o f  k idney  d isease .  The  overal l
heal th  o f  these  f i sh  appears  good  except  for  the
Carson Spring Chinook which have the highest incidence
o f  d i s e a s e .

Respectfully submitted,

Lawrence L. Kunz, D.V.M.
Diplomate, American College
of  Veter inary  Patholog ists
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INDEX OF DATA TABLES

Totals in % (A summary of the
incidence of lesions in all
six populations of fish)

Tucannon Steelhead
(06801 - 06861)

Chelan Steelhead
(06101 - 06160)

Big White Salmon Fall Chinook
(06301 - 06360)

Carson Spring Chinook
( 06401 - 06461)

.

Wells Steelhead
(03001 - 03060)

DATA TABLE
NUMBER

A

Bl
B2

Cl 244
c2 245

Dl 246
D2 247

El 248
E2 2 4 9
E3 250

Fl 251
F2 252

DATA TABLE
PAGE

243

244
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LIST OF CODES USED IN DATA TABLES

AH

LTSL

NPSL
SBM

SEM

FM

SP

CP

NP

PO

MM1

SPSL

FGSL

NT

ROPG

ROM1

0

PT

SLT

Acute focal hemorrhage

Lymphatic telangiectasis of  secondary lamellae

Nematode parasite in secondary lamellae

Sol i tary  basophi l i c  mass  in  secondary  lamel lae

Sol i tary  eos inophi l i c  mass  in  secondary  lamel lae

F o c a l  m o n o n u c l e a r  c e l l  i n f i l t r a t i o n

Sporozoan parasite

Ci l iated  protozoan paras i te

Nematode parasite

Pyogranulomatous inflammation of  the olfactory lobe

Mononuclear  menigeal  in f i l t rat ion

Sporozoan parasite in secondary lamellae

Focal granuloma in secondary lamellae

Nonsuppurat ive  tr iadi t is

Retrobulbar pyogranulomatous inflammation

R e t r o b u l b a r  m o n o n u c l e a r  i n f i l t r a t i o n

Inf lammation  o f  the  o l factory  lobe  (acute  suppurat ive )

P e r i f o l l i c u l a r  t h y r o i d i t i s

Secondary  lamel lae  (vascular )  te langiectas is

240



I 
2 c: 

c 5 g l- 
- 

6 
z 

.E 
E 

.z 
2 

-2 
3 

.E 
2 

s 
ziz 

z 
$2 

I;: 
X

c 
z 

* 
;- 

- 

: 
51 

5; 
r 

,: 
c*ij 

Ig 
2” 

LL: =;z 
Li 
g 

F? 
;E - 
II 

=: 

: 
z 

Ig =E 
( 

ZE
i E 

1-0 
2 

a- 
2 

g 
IZ 

7 
al 

. 
::y%

 
E :u c.. 
2 

z 
-5 

7 
. . 

/ Ii? 

I 
I 

I 
a 

I 
0 

0 I 
t 

I 
I 

I 
0 

Ei 
I 

m
,1 v) 

85 

:+ 

:+ , 
1 

I 
1 

t 
1 

: y.-- 
I 

I 
_.I 

t t- 
I,. 

Iv 
‘4 

/ 
’ 

!I 
I 

I 
, 

I 

1 I 
I 

I 
I 

I 

zi 
Iv), I 

I 

a I 

i __ 
- ce,m

Ic 
I 

I 
1 

I 
I- 

I I 

I I 

aa 
;uw

 

I 
I 

1 I 

I I 

I 
8 

I 
1; 

1 I 

I 
1 

I I 

+ ++ 

++ 

* I 
I 

I 
I 

I I 

-. l-lea, 
t-t 

r(r(> 

I 
I 

a 
, ” 

I 
I 

0 
I 

b 
I 

I 
1 

1 
I 

8 
I 

, 
I 

r 
I C

A 

*+ 

++ 

, 
I 

I 
I 

II a 
I 

nw
’ 

4-l 

I 0 

1 
‘, 

IL 

I I 
I 

I 

I 
I 

, 

I 
I 

I 

f 
I 

I 

I 
I 

, 

I +++ 

+++ 

I 

m
c 

“C
 

I 
4 

: 
# 

.a 
)U

 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

-: w 

++ 

I 

i 

’ 
12 

a I 
1 

I 
I 

I 
I 

8 
I 

I 
I 

I ++ 

++ 

I 
I 

! I 
1 

I 
I 

t / 4 
(2 

I I 
0 , 

1; , I m
 - 

c c c c c c r w 
g %

 
c 

t + 
: 

I y;i I 
: 

gi j 
i 

I 
j 

1 
I 

-P
 

0 I 
0. 1 

: 
0’ 

; 
! 

I: 
I 

I 
i 

01 
1 

/ 
I 

0 
I I 

0 
! I 

71 
; 

:I 
/ I 

0 
I 1 

1 
j 

oI 
3 I I 

D
I 0 I 

i 
3i i 

1 31 j 
+ : -.j 
:] 

I 

241 



- 
z 

d+ 
c 5 

2 
5 

/. 
i 

EC
 

2 x 
c: 

- 
c 

‘- 
5 

x 
-;< 
_ 

. 
%

 
= c; 

- 
Y 

- 
^ z 

.z 
-- i) 

=: 
c 

I 
- 

z 
Lr: 
L. 

5; 

‘4 
- 

-7. 
( 

- 
/ 

:: 

> 
7. 

- ‘C -IF: 
-- -)w

 
zii t 

c 
T .F : I- r : ; 

1 ; 
; c 
F 

I 
< 

I 
c 

I 
J 

I 
I 

. 
: 

, 
! 

- 
, 

1 : 
: t 

E 

1 1 I 00 
I- 
i . :ti 

1 
I 

I 

; iI 
ii 

5 
‘2 

I: 
‘F I I 
c - : : 

I 

: r ; 

I-- 

. 

z < 
i ! 1 
4 II 
ZG

 

14 
c’: 

,“TT 
2: 
cc 

z z 

” 01 
2 gl 

1 i 
,z 
1; 
14. 
r-7 

I! z s c z 

1:: 
E 

Jr- 
iA I* t 
,r- 
i. 1 
: VI 
* : 3 VI 
3 ;n 
- . 
9u2 

Y U
C

1 
z cz 
2, 4 
: d 

II Lo2 

,I 

1 
” 

a/? 
’ 

1 
.- 

r. 
b- 

. 

,7 

co 
‘- 

> L 
z.0 

NLL 
c 

H m
 

t 7. 

c 
: 

t 
L 

c 
c 

*7 
* 

oc 
1 

5 
; 

G
 c 0 

T 

\o 
. 

N. 
: 

z 
i 

L? 
I 

YI 
r 

2 
< 

r. 
I 

I. 
s 

r. z L w-l 

PC
 

0 + 

n E L 3cc 

300 

.I , I c r , 4 

r. 
;c;, 

3cc 

I-II 

sac +: 
+ +a* 

I- 
-- 
, 

II 
x 4 s-. 

-3 

so 
t=:lr 
m

 
rl(u 
Ic1 
c2 
.- H

 0 
. 

3E 
. 

UTJ 
00 

xr 
.d E” 

c 
+ oc 
“V 

D
C

 
2: 

- - 

- - - - - 

t-7 
-. .&r-l 

;- 
: 

E’ 
,- 

31 <i 

I 
* 

- 
-- 

T?. 
1 

. 
. 

3- 
I 

. . 
II 

0, 
; 

I 

t 1 c 

j- i w
 0 c 

1 c 
IC

 
r : il I- 

1; ,: iI I: I u u ;,b& 1 
> 

j 
; 4cjG

c; 
3 :L,’ 

?“.i 
i 

r. ---_I 
7. x! 

L I 
1 

3 
I 

ZC
IC

O
 

/ 

2 3 
I 

i 
-4O

O
C

’ 
z 

7q----z~ 
u : :: s r -3 
* J 0 + -3 
m

 
2 r( : cs 
VI 
z E 
Is .s-. 

E
t- 

i’“M
 

II 
ler c 

> z,; ai.g.; 
i&

5 
104 

30 
v alo ,igz 

I 
I 

I 
’ 

I 
z 

1 
) 

A 0’0 c 
z e 0’00 

I 
I 

E + 
$ +’ 

+ +’ 
‘I + + +I 

242 



!lj//I)ii)i 
I ; I ) ! I 

I 
I 

* 
I 

8 
, 

I 
I 

a 
- 

“k 
I 

I 
I 

I 
I 

I 
I 

. 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

, 
, 

I 
I 

I 
I 

I 
I 

I 
, 

* 
I 

, 
I 

.+++ 

c++* 

I 
I 

I 
I 

I 
, 

, 
, 

# 
I 

I 
I 

,vIeop- 
o*u-#vI 

I 

I 
, 

i,, 

0. 
; 

,” 

I 
I 

. 
I 

I 
I 

I 
I 

I 
8 

I 
I 

++ 

++ I 
. 

I 
I 

0 I ; 

I 
I 

: . 
---. 

m
c 

; 

v)* 
; 

s; 

,” 

E
 

c 
c 

Q
 

c 
c 

c z 
c 

s; 

z 
c 

c. 
c 

In 

z 
c 

5; 

0 
2 

0 
ol 
w

 

z 
D

 

z 
0 

z 
c 

* 
l 

I - - - c c c 
- c c c N

 
r( 

r( 

- 0 0 0 

- : 

I I 
ic 
.LU

 
22 

C
-E

 
--C

C
= 

fr- 
=E

”, 

-m
 

P
a- ;: z 

-- 

l I 
2 

id 
i . 

.zcw
, 

1 
I 

I 
I 

t 
k”zB

 
- J 

0, 
I 

0: 
0 

1 
: 

0 t ’ 
,! 

I 

f 
i 

! I 
I 

O
l 

O
iY

’: 
0 

I 
-I 

*ya 

I 

L&VI 
0 

E31 I 
W

N 

: 
, 

I 

i 
Tf 

i 
skii 

I 

,-I 
O

’w-irr v 
I 

” 

I 
. 

cl4 
. 

cnv) 
0 

0 

I 

3%
 

I 

I ’ 
; 

0 
0 

I 
i 

O
! 0 i” 
I 

i I 
olo’- 

I 
i? 

-r 
-.J 

+ 
! 

:: 

:I 
z”. 

2 

243 



j 
7 E

 
7 i > T: 

F 
- 

- 
; 

8: 
2 i 

z 
; 

:r 
i 

L_ 
< 

,z 
c 

1 
r 

,” 
u: 

1: 
8; 
IdI 

I* 
.bi 

i: 
j 

‘I- 
- 

vt 
( 

z 
1 

0 
I 

cn 
c - 

cr:< 
g 

$i 
” 

28 
,g L c L:- 
z w

 

;s 
;g 

a m
a 

G
 

I ;Q
 n- 

4 w
 

.c 
rl aJ 
0) 
=Iw

 
a= 
2 u . r: < 

a :z 
: ; c . 
- I ; 
z LL-. 
;I I 
3 ; 1 
: II 
%

I 
‘_ 

0 t 2 $1 
1 3 e 8 
L) 
n - I 
B

 
n Y 1 

E
 

Y
* 

E
 

0-l 
I 

w E a 
0: 
z 

I 
I 

I 

- .-- 

I 
I 

I 

I 

I 
I 

I 

a 

, 
4 

0 
I 

++ 

++ 

, 
t 

I 

I 
, 

I 
I 

I 

I 
I 

I 

9 
I 

I 
# 

I 
4 

rn 
a 

++, 

+ 
+ 

I 
I 

1 
, 

, 
I 

I 
I 

B 
0 L 

I 
I 

I 
I el 

S
Ln 

+ ++ 

1: 
+ 

I 
1 

Ii I 
I 

+ 
0 

m
o 

000, 

c II 

4 0 
r m

 

I G
 

z n ” 2 

c 4 

I I : 
; * 

- 

c 3 1 

c 3 

< 3 

- 

1 4 I I 2 

, 3 c C
 

1 P- 

T T -7’ 
C

 31 I 
01 

ai I 
’ 

I-. I 
; 

I 
01 

! 
i 

I 
01 
c i 

: I 
I 

/ 
I I 

j 
O

1 : 
j 

i 
01 

; 
i 1 

0 
0, 

I 

2 :I 
1 

+/-A
 

+. 
: 

+i 



Chcl,on Steelheed cont’d TOTAL INCIDENCE OF LESIONS IN TISSUE EXAMINED (I) 

! 
LYE 

I 
GILL 

LlYn a..- ,,.e#a I LIVER 
,“,,D” lz~,TII “ICP c.w Yn n-... .,.I#. I KIDNEY .-- -rAr\u n.. L I 1 cl#.*n”, 1.11 “,,,A ,>n., .,.I ’ ‘II” I’iS, E,,JL Y.V.C.l us *,,, n.ta\. 

si1. + - - 
r-c A” UMII PI,& All Gnnn L. ~~t-n\r,“n~ IIIII\VAU nn.-v,r\ 

+* l + SpsL -- - - - 

#T r : : 

+ l - --. 
.--- . 

- - I I 
+ + - --. I - ‘- - 

g -, 
- - 

++ ++ - -- - - - NA - 

+ 

I 
53 57 59 3 3 

43 60 60 60 53 60 60 60 56 23 57 
Paryngeal 
nematode 1 = 

6 2 43 41 
00 0 0 00 

FN in optic 
nerve 1 - 

+* 1 1 14 16 00 0 

l ** 0 0 .- +- 0 0 _ _ -___ 00 0 
..mm---.--*--.--*- 

NA i 0 0 0 0 .-- 00 0 -. ._ w-w --. -- . . . . . - __.... .____..-.-_.. --- --. - -- . . . ~... . . . 1. 

MISC. FM-1 SPSL-16 
FGSL- 1 

FM= 5 
NT-2 

NP=3 



_-__-  ~-
TOTAL  INCIDENCE  OF LESIONS  IN TISSUE  -EXi\‘l’\~l:!~  ;‘)

Big White

I

Fall Chinook
EYE GILL LIVER

i MY0 FAT MISC LYMPH  EPITH MISC FAT KD GRAN MISC .~ - --
-1211 - - - + ++ _- - _ _ -

1221  - - - + + -- - - - -
121 - - - + ++ _- - -_-

+ + NA - - - ; --
++ ++ -- - - - -

12d - - - + + -- - _ - - -.
12z - - - + + _- - _ - - --.

-izsl - - - + + -- - Fh! - - - 1
129 - - - + + -- - FM _ _ _ i - I -I.-I-- ---
1 zli - - - + + - - - - - - z.2Ad”

-13g - - - + + -- - --y~----m-_ - -
136 - - - + + - - - .--- - 1 Nil-
l7d - - - + + -- - - - - I -
Ad.q I :--

134 - - - + + __ - FM _ - -
13Ij - - - + + -- - - - - NA
13d - - - + + -- - - - -

136 __ - NA- - - + + FM - - -

13q _ - - l + -- - - - -

14d - - - + + -- - FM - - - NA
1411  - - - + + _ - - - - - NA
146 - - - +' + -- - NA
143 - - - + + _- - _ - -
144 - - - + + -- - F,,,  _ _ -

14sl - - - + + -- - NA NA
.1 L

147 - - - + t -- - - - -
148 - - - + + -- - _ - - NA
149 - - - + + -- - - - - NA
15c - - - + + -- - - - -

I I
SUBTOTALS I I I. I

I
1 30 30 30 0 o 30 1 29 29 29 23 28 28 28 1 30 1 16,
I I I 1 I i

+ 0 0 0 29 27 0 NA=cl NA=l NA=l NAdNA=2  NA=2iVA=? 0 NA=14

++ 0 0 0 13 0 0 0 0 t-M=6 0

+++ 0 0 0 0 0 0 00 0 0 _ ___-.-  ._..-' -r--- ._ -__--_ -.- -__ .--..  ..-.-

! I--. .J ___-- __-. _- ----- _.___ __. ____ .-. -._ ._ ____ __~

O

0-I-0.-



i 
- 

: ; P 
c 

; c z 
- 

> z t 2 
-i 

2 
* Luz 
82 
-c 
Y 5 c ; 

II 

a 

I 
I 

. : 5 ; 
I 

I 
: i L-- I 

I 

) I 

=: 
B 

23 

t;a k-c 

3 b : 
21 
- 

42 
,z 

aI- 

I 
: 

SE 

i; 
$ 

‘- 
15 - 
I H

 
: 

r( 
2 

2 
,” 
.r( 
2 

: z 
M

 
.r( - 
al 

* 

I 

-=l 
. 

, 

o ++ 

+ 
+ 

8 9 I 

I 
I 

0 
I 

r-4+4, 
u-Iv), 
?-I-. 

247 



___- _~ ~.-
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Carson  Spring  Chinook
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-..-. u
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1
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Fig. l -Lymphat ic  te langiectas is  (*) and a  so l i tary
eosinophilic  mass of  the secondary lamellae (arrow).

Fig. Z-Solitary basophilic  mass in the secondary lamellae
o f  t h e  g i l l .
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Fig . 3-Solitary e o s i n o p h i l i c  m a s s  i n  t h e  g i l l  s e c o n d a r y
lamel lae  (arrow) .

Fig . 4 -A sporazoan paras i te  in  the  g i l l  secondary  lamel lae .
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Fig. S-Hepatic  sporazoan parasitic  granuloma.

Fig. 6-Ciliated protozoan paras i te  in  the  o l factory  lobe .
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INTRODUCTION

The National Marine Fisheries Service (NMFS), under contract to the

Bonneville Power Administration, has conducted research on imprinting

salmon and steelhead for homing (Slatick et al. 1979, 1980; Novotny and

Zaugg 1979, 1981). This supplement completes a 3-year study to determine

the status of fish health and certain physiological functions that might

affect imprinting and homing in salmonids. The field work was begun by the

authors in 1978 and concluded in 1980.

In 1980, we examined random samples of normal populations of homing

test fish at the hatcheries at frequent intervals to determine their

general health and physiological readiness to migrate, but did not conduct

seawater challenge tests as in previous years. In 1978 and 1979, we were

unable to sample at frequent intervals, but we did determine the survival

of samples of test fish maintained in marine net-pens after release from

the hatcheries. The number of hatcheries and stocks involved in the 1980

study was about double that of 1978 or 1979 (Table 1).

Data collected from random samples were as follows:

1. Physiology.

Gill Na+-K+ ATPase. Abnormally low values could be indications

that the fish were either in pre- or post-smelting  condition, or had been

stressed in some way.

Plasma electrolytes. Lower than normal values of Na' or Cl' could

indicate immediate problems of osmoregulation  when the fish were introduced

to seawater; higher values may indicate some dehydration due to stress.

Increases in levels of K+ can indicate kidney failure or nitrogen

supersaturation stresses.
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Table 1. --Hatcheries and stock sampled in the 1980 homing studies.

Date Pond Date
Hatchery Species sampled no. released

Histopathology
tag no.

Dworshak

Dworshak

Dworshak

Dworshak

Dworshak

Dworshak

Dworshak

Tucannon

Tucannon

Tucannon

Tucannon

Tucannon

Tucannon

Tucannon

Tucannon

Tucannon

Tucadnon

Tucannon

Tucannon

Tucannon

Tucannon

Tucannon

Tucannon

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

Steelhead

03/04/80

03/18/80

04/01/80

04/15/80

04/29/80

05/13/80

06/04/80

03/07/80

03/07/80

03/07/80

03/21/80

03/21/80

03/21/80

04/04/80

04/04/80

04/04/80

04/10/80

04/10/80

04/10/80

04/18/80

04/18/80

05/02/80

05/02/80

59

61

61

61

--

-

--

01

04

02

01

04

02

01

04

02

01

02

04

04

02

04

02

04/17/80 7061

--

73

04/17/80 a-

(Held over in the 7661

hatchery for post --

release sampling) --

-

--

me

--

7541

7561

7581

04/08/80

to 7120

--

to 7420

to 7720

--

me

- -

we

--

--

to 7560

to 7580

to 7600

- -

em
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Table l.--Continued

Hatchery

Tucannon

Tucannon

Tucannon

Tucannon

Tucannon

Tucannon

Leavenworth

Leavenworth

Leavenworth

Leavenworth

Leavenworth

Leavenworth

Leavenworth

Leavenworth

Leavenworth

Leavenworth

Leavenworth

Leavenworth

Leavenworth

Leavenworth

Kooskia

Kooskia

Kooskia

Kooskia

Species
Date Pond

sampled no.
Date

released
Histopathology

tag no.

Steelhead 05/07/80

Steelhead 05/07/80

Steelhead 05/16/80

Steelhead 05/30/80

Steelhead 06/06/80

Steelhead 06/12/80

Spring chinook 11/01/79

Spring chinook 11/14/79

Spring chinook 03/03/80

Spring chinook 03/17/80

Spring chinook 03/31/80

Spring chinook 04/14/80

Spring chinook 04/23/80

Spring chinook 04/23/80

Spring chinook 04/23/80

Spring chinook 04/23/80

Spring chinook 04/28/80

Spring chinook 05/12/80

Spring chinook 05/29/80

Spring chinook 06/17/80

Spring chinook 03/05/80

Spring chinook 03/19/80

Spring chinook 04/02/80

Spring chinook 04/16/80

04

02

02

02

02

02

46

06

17

17

03

17

CH

46

17

CL

05/08/80 7781 to 7810

7811 to 7840

-- --

-- --

-- --

06/12/80 7841 to 7900

Fall marked fish'
(sampled in fall)
Spring marked fish
(sampled in fall)

-- --

7001 to 7066

-- --

04/24-05/01/80 7301 to 7360

em - -

04/24-05/01/80 -- --
(Released in channel)

04/24-05/01/80 -- --

04/24-05/01/80 - --

04/24-05/01/80 -- --
(Control held in channel 48 h)
15 (Held over for 7601 to 7660

15 post-release em

15 sampling) -- -

15 - --

10 7121 to 7180

10 mm --

10 04/16/80 7421 to 7480

07 04/23-05/05/80 -- --
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Table I.--Continued

Hatchery Species
Date Pond Date Histopathology

sampled no. released tag no.

Kooskia

Tucannon

Kooskia

Rapid River

Rapid River

Rapid River

Rapid River

Rapid River

Rapid River

Carson

Carson

Carson

Carson

Carson

Willard

Willard

Willard

Willard

Spring Creek

Spring Creek

Spring Creek

Spring Creek

Big Creek

Big Creek

Big Creek

Spring chinook

Steelhead

Spring chinook

Spring chinook

Spring chinook

Spring chinook

Spring chinook

Spring chinook

Spring chinook

Spring chinook

Spring chinook

Spring chinook

Spring chinook

Spring chinook

Coho

Coho

Coho

Coho

Fall chinook

Fall chinook

Fall chinook

Fall chinook

Fall chinook

Fall chinook

Fall chinook

04/30/80

05/07/80

06/05/80

03/06/80

03/20/80

04/03/80

04/17/80

05/01/80

05/15/ao

12/13/79

03/04/80

04/04/80

04/17/80

05/12/80

12112179

03/05/80

04/02/80

05/20/80

03/10/80

04/10/80

04/10/80

05/08/80

04/08/80

04/23/80

05/06/80
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07

07

07

01

01

01

01

01

01

--

31

31

31

31 05/12-05/15/80

-- Fall marked group

25

25

50

20

35

35

22

22

22

22

05/14-05/25/80

05/09-05/19/80

(Held over for 7721 to 7780

post-release -- --

sampling) -- --

7181 to 7240

7481 to 7540

04/15/80 - --

(Held over in -- --
outside tanks for
post-release sampling)  -- --

- - em

8051 to 8108

8289 to 8349

8501 to 8560

8861 to 8920

-- we

8109 to 8168

8229 to 8288

8661 to 8782

8169 to 8228

8351 to 8400

-- to me

8801 to 8860

8401 to 8500

8601 to 8660

8701 to 8760



Table 1. --Continued

Hatchery

Big Creek

Date Pond Date
Species

Histopathology
sampled no. released tag no.

Fall chinook 05/13/80 22 05/12-05/23/80 8921 to 8980

Hagerman Fall chinook 06/02/80 11 06/03-06/05/80  - --
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Hematocrits and hemoglobins. Values below or above normal ranges

usually indicate anemia or dehydration, respectively, which can reflect

nutritional status, disease, or physiological changes.

2. Fish health.

The incidence of diseases during freshwater rearing, as reported in

hatchery records describing the treatment of fish were examined.

Fish were examined for subclinical bacterial kidney disease (BKD)

using an indirect fluorescent antibody technique (IFAT). Viral assays were

not conducted in 1980.

Histological determinations of significant lesions or abnormalities in

tissue from gills, eyes, and olfactory sacs were undertaken.

These surveys were conducted to provide a documentation of the health

and physiological (smolt) condition of populations of fish involved in the

tests, especially at the time of imprinting and release. When marked adult

fish return, data analyzed from the health and physiology surveys should

provide us with information that would indicate any adverse influence on

survival.

METHODS AND MATERIALS

Sampling Fish in the Hatcheries

The method of sampling fish from hatchery stocks for health profiles

was based on a combination of statistics and economics. Random sampling

from populations ranging as high as 100,000 or more has shown that a

disease incidence of 5% or greater can be detected with a sample of 60 fish

(Ossiander and Wedemeyer 1973). Health survey samples of 60 fish were

taken at the hatcheries.



Sampling of fish for health profiles began the first week in March

1980 and ended the second week of June 1980. A mobile laboratory was used

to sample upper river hatcheries every 2 weeks. A similar procedure was

used by our Willard Laboratory staff at the lower river hatcheries. All of

the required samples were collected and completely or partially processed

on site.

Each fish and each of the assorted samples taken were assigned a

unique number for identification and data processing.

Blood Sample CoLLection

Fish were Lightly anesthetized in an aerated 1:20,000 solution of

MS-222 in groups of 10 to 15 fish. In the Larger fish, blood was sampled

from the caudal arch with a l-cc ammonium heparinized syringe and a

25-gauge hypodermic needle. In small fish, blood was collected in ammonium

heparinized capillary tubes after severing the caudal peduncle. Subsamples

of blood taken for hematocrits (packed ceLL volume) were collected in

microhematocrit tubes and centrifuged for 3 minutes in a Clay-Adams

Autocrit Ifi/ (Snieszko 1960). Subsamples of blood for hemoglobin

determination were either read directly with an A-O hemoglobinometer, or

collected in 20 ul capillary tubes and determined calorimetrically  (Bauer

1970).

Plasma Electrolytes

Subsamples of blood were centrifuged in plastic serum vials, and the

supernatent plasma was drawn off by disposable pipette, dispensed into

plastic vials, sealed, and held frozen until they were shipped to a private

.u Reference to a trade name does not imply endorsement by the National
Marine Fisheries Service.
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laboratory for analysis. Plasma sodium and potassium values were

determined by atomic absorption spectrometry and chlorides with a

chloridometer. Before analysis, each. plasma sample was ranked into four

increasing levels of hemolysis.

Gill Naf-K+ ATPase

During 1980, selected stocks of coho, fall, and spring chinook salmon

and steelhead trout at state and federaL hatcheries in the Columbia River

drainage were monitored for changes in gill Na+-K+ ATPase to estimate

the state of smoltification at release.

At approximately 2-week intervals during the spring and summer of 1980,

30 fish were removed by dip net for Na+-K+ ATYase analysis from

representative ponds or raceways at hatcheries that participated in the

homing studies (see Table 1). Ten groups of three fish each were

anesthesized  at each sampling. After fork lengths were determined and

blood samples taken, approximately equal quantities of gill filaments were

removed from gill arches of each of the three fish in the group (total

weight of gill filaments, 0.1 to 0.2 g), snap-frozen in Liquid nitrogen,

and processed as described by Novotny and Zaugg (1979). Fall chinook

salmon from the Hagerman National Fish Hatchery (NFH) were not sampled as

extensively as the others, but a gill Na+-K+ ATPase profile was

obtained.

Life History of Hatchery Juveniles

Husbandry techniques, disease, and environmental history may have

deleterious effects on fish health and smolt quality (Wedemeyer et al.

1980; Folmar and Dickhoff 1979, 1981). Many chemotherapeutic compounds
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used in the treatment of parasitic and bacterial diseases of fish may

affect smoltification  (Lorz and McPherson 1976), and subclinical infections

may be exacerbated by the stress of seawater entry.

Information in Table 2 was obtained from hatchery management and is

self-explanatory. Where information was not obtained, the entries have

been Left blank.

Histopathology

Sixty individually numbered fish of each test group were fixed in 10%

buffered Formalin and submitted to Bio-Med Kesearch Laboratories. Gill,

eye, and olfactory tissues were sectioned, appropriately stained, and

examined for any pathologic lesions or abnormalities. AL1 Lesions were

evaluated as described in Novotny and Zaugg (1979, 1981)2/*

Bacteriological Assays

The sensitive and highly specific indirect fluorescent antibody

technique (IFAT) was used to diagnose latent Bacterial Kidney Disease (BKD)

in hatchery populations.

Fish were opened ventrally and the kidney exposed. Thin smears of

anterior and posterior kidney tissue were made on multi-spot slides after

piercing the kidney with a sterile inoculation loop. Slides were air-dried

and fixed in reagent grade acetone for 10 minutes. The acetone fixed

slides were stored at -2O'C until examined. Prior to the sampling season,

positive control slides were prepared and stored in the same manner using a

clean kidney Lesion in a spring chinook salmon from Carson NFH that was

tested and confirmed to have high numbers of BKD organisms.

21 A copy of the complete veterinary pathologist's  report for the 1980
studies can be obtained by written request from the Director, Coastal Zone
and Estuarine Studies Division, NWAFC, NMFS, 2725 Montlake Boulevard East,
Seattle, Washington 98112.
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Table 2. --Available disease and life history data of homing study hatchery juveniles

Hatchery
DWORSHAK

Stock
Dworshak

Date of Date Water
AgencyZ/ Species egg take ponded Fee&/ source
USFWS Steelhead 4/10/79 7/l/79 OMP System III

NATIONAL

TUCANNON

LEAVENWORTH
NATIONAL

Leavenworzh

ROOSKLi Carson d
NATIONAL Kooskia

RAPID
RIVER

Rapid River

CARSON
NATIONAL

WILLARD
NATIONAL

SPRING
CREEK
NATIONAL

BIG CREEK

HAGEMAN
NATIONAL

Skamania

Carson

Little
White
salmon

Spring
Creek

Big Creek

Snake
River

WDG

USFWS

USFWS

IDFG

USFWS

USFWS

USFWS

ODFW

USFWS

Steelhead March,
1978

Spring
chinook

Spring
chinook

8/10-a/30,
1978

August,
1978

Spring
chinooir

a/10-9/11,
1978

Spring 8121-8128,
chinook 1978

Coho 1978

Fall
chinook

g/17-9/29,
1979

Fall
chinook

g/20-10/4,
1979

Fall
chinook

Sept. 1979
(Tucannon
Hatchery)

-

3127179

--

Raceways
11/27/78,
Earthen
ponds
5/15/79

l/18/79

--

12/10-

12;;8,79

l/3-

1~~8/80

Hagerman

DRY
h

OMP

OMP

OMP
&

DRY

OMP

OMP
h

DRY

OMP

OMP
h

DRY

OMP

OMP

re-use
(conditioned
N. Fork
Clearwater
River)

River

Well &
river

Well C
river

River

Springs,
creek,
river

Well 6
river

Springs

Big Creek

Spring

a/ WDG--- Washington Department of Game
USFWS- United States Fish h Wildlife Service
ODFW-- Oregon Department of Fish and Wildlife
IDFG-- Idaho Department of Fish h Game

Y OMP--- Oregon Moist Pellets

c! BGD-Bacterial Gill Disease
BKD--Bacterial Kidney Disease
ERM--Enteric  Red Mouth
ICH--1chthyophthirius

d/ TM50:Dietary  Oxytetracycline
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Table 2 .--continued

Percent Size at Date
Water mortality release released
temp-OF (all causes) (no/lb) (1980) Disease&j Treatments

50-60 for 35% before 8.6 4/22-4/30
rearing; ponding;
43-48 for 5% after
condition- ponding.
ing for
release

N2 oupersatura- --
tion (early)
Whitespot
(early)"ich"
Epistylis

-- - -- MZly

32-63 5.2% 17.6 4/24-4/30

Epistylis

BGD, BRD

Formalin &
malachite
green

-

- -- - April BKD --

34-60 13% to
ponding

15.0

44-51 32% 23.3

-- --

46-52 24%

39-50 2% 77.5 5/13/80 None None

58 - -

--

from 10 releases ERM; Finrot; Formalin;
1140 to 12/19/79 to gill amoeba Roccol;
19 to 8/7/80 TM50.

207,000 BGD
Sept 1979;
2.6 million
March-April

1980.

4/28-j/16 BKD C
Costiasis

-- --

Early June - --

3% salt/bath
& l/2 ppml
malachite/
green dips.

TM50; sulfa-
merazine;
formalin.

--
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The IFAT procedure used in this study for BKD, originally described by

Bullock and Stuckey (1975) and later modified by G. W. Camenisch

(unpublished report) of the U.S. Fish and Wildlife Service (FWS), Eastern

Fish Disease Laboratory, is described in Novotny and Zaugg (1979).
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RESULTS AND DISCUSSION OF STEELHEAD SUKVEYS

Dworshak National Fish Hatchery

General

In the early part of the season, water re-use at the hatchery was

about 90X, but the temperature was held down. Sampling from the ponds

began in early March and continued until release in mid-April. At that

time, approximately 600 fish were transferred to indoor circular tanks and

held for additional sampling until June. Hatchery personnel fed and

maintained these fish and tried to provide at Least 12 hours/day of light.

Table 3 summarizes major data (means and standard deviations)

collected during each sampling period in 1980 for Dworshak NFH steelhead

(histopathology and BKD summaries are presented elsewhere).

We noted a visible erosion of gill filaments in many fish on the second

trip (18 March), but almost none on the third trip (1 April). These

changes may be related to increases and decreases in water temperature

which are shown in Figure 13/*

Average fork lengths of both control (163 mm) and test release

(167 mm) groups (Table 3) were much smaller than release groups sampled in

1978 (193 mm). This probably can be attributed to the Lower water

temperature in 1980.

21 Summary profiles are presented as "Number of Days Post 1 January 1980"
for convenience of computing and plotting. Whenever possible, the sampling
periods are presented next to the data points (see Table 1 for the dates of
the sampling periods). Appendix A contains a cross reference chart for
converting number of days post 1 January 1980 to calender date.
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Table 3.--Summary daL;1 for tlw sprI11g (19Rn) sarnpl1ItR of Lhe bworsh;tk IlnLch~ry scwihead (11=6n), 
wfth ~CRIIS. slnnrlard dc=v~aLtolls ( ), HIId ril11pn. 

--. _------._ -___- _-.. -_- _-.. - _._-__. - ..__._____._ --____ 

Item 

Date 

Prrl0l-l ---_-_-_-_______ 1 -..------ .---__ -- .-- __.__ 2 _._____ 
3 4* 5** h 

4 Harch-- 
7 

IA March 
-.-___ __..__ 

1 April 15 April 29 April I3 May 4 Juue 

nays>Ja IS/ 
Temp.-“&f 

63 
Is.3 

AVE. Fk LIE/ 15R.5 
(21.1) 

(Ractw) I 15-207 

Avg. ATP Fk L&!/165.9 

(RatIKe) 

AvK. ATPc/ 

(Rarlge) 

Avg. llc ~11 

(Rawze) 

Avg. Ilt& 

(R.wKe) 

Avg. MCIIC-f 

(R~IIR~) 

AVE. Ua+Lf 

(Rallae) 

AVE. K+l/ 

(Rnwe) 

Avg. Cl-k/ 

(Rnwe) 

tia+/c1-II 

(RkllKe) 

(18.5) 
l/17-IR2 

164.3 157.7 IhR. I 163.3 173.1 17R.h 
(20.1 ) (25.n) (2ll.o) (25.4) (25.1) (22.7) 
12R-IRI 129-190 141-198 I l9-19R I17-2n2 I M-207 

6.2R 5.117 6.27 7.411 R.5ft 7. Ih h.92 
cn.si ) (n-53) (1.23) (7.4R) (R.5R) (1.42) (1.26) 

4.9-7.5 4. I-h.0 4.h-R.5 L.l-R.h h.4-ll1.h 5.2-9.2 4.3-R.4 

4R.7 4R. I 5R.R 4R.h 52.1 hl.fl 47.R 
(6.15) (7.61) (5.21) (5.R5) (7.40) ( 6 . 4 2 ) (5.37) 
15-hl 29-66 41-72 34-62 35-67 2h-5h 36-5R 

A.h R-2 IO.9 
(I .14) Cl .2h) (I .05) 

6.0-l 2.0 h.ll-I I .o R.4-12.9 

17.h 17.3 IR.6 
tl.70) (I .55) (1.55) 

I I. I-20.6 13.13-21.4 13.5-22.2 

R.5 
( I .5(l) 

5.11-I 2 

17.6 

3 

9. I 1.7 A. 1 
(l.J:?, f I .7h) f I .02) 

h.R-I 2.6 4.1-ll).l1 6.11-10.3 

(2.60) 
12.3-27.7 

IH.0 17.1 
( ? . I 4 ) (1.46) 

9.h-27.7 l2.5-21.R 

154.2 I4h.4 146.5 157.2 
(ll1.Q) (9.0) (6.8) (9.5) 
I2Ib1 Ih 125-165 114-162 125-177 

I .711 O.RIf I .5l1 lf.fd1 
(1).9(r) (0.12) (0.h-l) (R.‘)(t) 

0.36-1.5~1 0.‘15-I .72 n.51-2.5ll n.25-i .9R 

17. I 
(1.75) 

17.7-7’1. I 

I 4 4 . I 
(11.5) 
1%-l--16% 

If.1111 
(If. IR) 

llJ7--1. 1.1 

114.7 
(9. I ) 
99-l 35 

I.71 

lhY.9 155-R 
(16.1) (5.6) 

77-2110 I??-lh9 

I. III 0. hf) 
(I .117) (0.31) 

rl. l/r-4.~11 n.20-I .75 

129.1 123.9 12R.h I3lf.lf 
(11.1) (14.7) (7.2) (9.11) 

92-l 50 R7-I 54 116-141 96-l 46 

I .I 7 . .I I 30. h 
(IO.lb) (6.5) 

97-l h2 117-144 

I .20 1.211 I.14 
(fl.12) (ll.11) (n.n6) 

I .no-I .hR 0.97-l .5l I .06-l. 29 

I.21 
(n.nfi) (O.flR) 

l.nt-1.4n 1.17-1.54 
(l&i”,) 

I .117-l .11 

I .20 
(o.n7) 

I .Oh-I .I8 

77 
9.7 

91 
6 .n 

IO5 
7.5 

I19 
7.5 

Ill 
in.n 

154 
1n.n 

167.1 157.1 Ih7.h I h 0 .9 172.1 17R.h 
(lR.I) (24.6) (21.2) (21.0) (22.5) (21 .I) 
117-212 115-213 I 30-Z I (I 114 -21% 172-214 I25-22R 

----- -_-____ ~--_._-__- _______ _-.__-. .._.. .-._.- -- .____ --_-___ 

l Normal (cn111rol) release groltp 
** TesL rrleasr Rroclp 
a/ lIays>Ja I : 
ij/ Temp. -VT: 

The wmhrr of dnvs p~si I .I~IIIII~~~ 19Rfl LII~IL LIw s~~pl I IIR per lad repres~Ls. 
Waler lcmperalurr (III 

c/ Avg. Fk LII: 
“Cl measured for LhaL prrlod. 

The averwe fork IPIIRL~I (111 mtltimeters) of at1 fish mranured For LhaL 
pertod. 
+/ AVK. ATP Fk 1.11: 
for LhaL period. 

The average fork let!KLhs of fish used for the nil I ATPaw measuremr~~Ls 

E/ AvR. ATP: The w=rwr R~II ATPaRe levels for thai period (N~+-K~ ATPAW n~~iviiy 111 
II moles Pt/mK protellllhour). 
f/ AvR. Ilcl: 
i/ Avg. Hh: 

The averiljie I~emaLocrfLs for Lhnt period (1. packed rp( la). 
The nveraRe hemwlohl~~s for that period (III E/AI). 

lJ/ Avg. Hctlc: The mean corpuscular hemwlohltl coweuLrnLtotla (Ilh/llcL x Ion) avernEed for 
that period. 
L/ AVK. Nat: 
I/ AVE. K+: 

The averaRe plasma sodlIlm for LhaL period (III mrq/l). 
The averwe plasma pnlasslum for Ctlnt perfod (~II mrq/l). 

k/ Avg. Cl-: 
J-1 Na+/CI-: 

The average plasma chlortde for thaL period (111 mpq/l). 
The ration of the plasma aodiums Lo chlorides for that prrlod, averaged. 
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Figure 1.--Water temperatures at Dworshak NFH during spring 1980.
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Gill Na+-K+ ATPase

Since the phenomenon of elevation in gill Na+-K+ ATPase activity

was first reported to be associated with Parr-smolt transformation in

steelhead (Zaugg and Wagner 1973) and in coho salmon (Zaugg and McLain

1970), numerous experiments have been conducted to verify these results and

extend observations to other species. As a result, it has been

conclusively shown that the rise in giLL Na+-K+ ATPase activity is one

of the physiological changes which occur at the time of Parr-smolt

transformation.

In 1978, the mean gill Na+-K+ ATPase activity was 5.0 (21.1)

u moles Pi/mg protein/hour on 24 April. The activity measured in 1980

(Table 3) indicates a peak on 29 April (5th period). However, this peak

activity (average 8.6 + 1.5) is far below expected values for highly-

developed smelts. Transfer of fish at this release time from the raceway

to an inside holding tank for further sampling resulted in significant

environmental changes, including an increase in water temperature from 7.5'

to 10°C. That this change in holding conditions caused a reversal in

Na+-K+ ATPase development is quite likely. Those fish transported and

released undoubtedly experienced continuing increases in gill Na+-K+

ATPase activity as they migrated seaward. Nevertheless, fish held under

the conditions used for extended sampling showed decreased activity

after 29 April, thus producing a small peak on that date. We can state

that the migration-transport group was released during a period of rising

gill Na+-K+ ATPase activity, but that maximal levels had not yet been

achieved. The range of activity in 1978 was from 3.5 to 7.2, but in 1980
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during the same period the average was from 6.4 to 10.6. Higher Na+-K+

ATPase values in 1980 during the late April period may be due to a cooler

temperature regime. In 1978, water temperatures ranged from 13' to 15'C,

and the upper limit which will permit rising gill Na+-K+ ATPase

activities in steelhead is about 12OC (Zaugg et al. 1972). The

migration-transport group was released as gill Na+-K+ ATPase activity

was rising, and the control group was released 17 April, just after the 4th

sampling period.

We could find no significant correlations between the average gill

Na+-K+ ATPase data and the averages of other data collected throughout

the spring. When individual gill Na+-K+ ATPase activities from pooled

3-fish samples were compared with the average fork lengths of the pooled

3-fish samples, significantly  higher correlations (P = 0.001; P < 0.02)

were found only during the fourth and last sampling periods (Table 4). If

smolting was initiated between the 4th and 5th periods as indicated by the

Na+-K+ ATPase activity in Table 3, an approximate Na+-K+ ATPase

index of smolting between those periods would be a value of 7.5. This

would suggest that those steelhead larger than 168 mm were beginning to

smolt (Figure 2).

On the basis of this information, approximately 38% of the Dworshak

NFH steelhead would have started smolting in the 4th period (Figure 3).

Plasma Electrolytes

A compilation of data on rainbow trout by Miles and Smith (1968) and

Hickman et al. (1964) suggests expected normal or near normal plasma

eLectrolyte values in fresh water of 130 to 172 mEq (milliequivalents)/l

for Na+, 1.4 to 6.0 mEq/l for K+, and 111 to 155 mEq/l of Cl'.
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Table 4 .--Correlation coefficients between gill Na+-K+ ATPase values
for each sampling period, and the average fork lengths of the
Dworshak Hatchery steelhead used to provide the gill samples in
1980 (3 fish/Na+-K+ ATPase analysis: 30 fish/period).

Item 1 2
Period

3 4 5* 6* 7*

Correlation coeff. -0.33 0.03 0.22 0.87 0.36 0.34 0.75

(DF'= 8)
<O.OOl <0.02

* Groups held inside the hatchery (in small tanks) for post-normal release
sampling. Stresses of handling, confinement, and artificial light conditions
may have affected these fish.
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Table 5 lists some known values for steelhead from available published

literature, including data for the Dworshak NFH steelhead (Newcomb 1978).

Newcomb’s data are extensive, represent reasonably large sample sizes (15

to 25), and are probably good approximations of Columbia River steelhead.

Average plasma Na+ values for Dworshak NFH steelhead throughout the

season during 1980 were well within the previously published ranges

(Table 3), but are below the mean value (166.4 mEq/l) of samples collected

at release in 1978. Mean plasma Cl' values (Table 3) are also well

within the suggested range and the mean value at release in 1978 (133.3

mEq/l). The early fluctuations in plasma Na+ (Table 3) may have been due

to changes in water quality, but there is definitely a coincidental sharp

decline in both plasma Na+ and Cl- between the 4th and 5th periods

which is also coincidental, but inverse to a significant rise in gill

Na+-K+ ATPase activity.

There were no significant correlations of plasma Na+ or Cl' or

plasma Na+/Cl- ratios to fork lengths in any period. Correlations of

plasma Na+ to Cl- gradually increased with each period, were highly

significant (P < 0.001) from the 3rd to the 6th period, and reached a peak

of r = 0.69-0.70 during the 4th and 5th periods (Table 6). Wedemeyer

(1980) reports that a marked decline in plasma Cl' can be expected in

anadromous salmonids during smoltification  and Houston (1959) reports the

same for steelhead.

Mean plasma K+ values were highly erratic throughout the sampling

period, but the general trend was downward (Table 3). The fact that

average pLasma K+ values during early 1980 were 1.7 mEq/l or less (lower

range was 0.5 mEq/L), and in 1978 (Novotny and Zaugg 1979) were similarly
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Table 5.--A summary of plasma Na+, K+, and Cl- values in steelhead (from
published sources).

Condition Na+ CL' Kf

1,.

References

June-July (55 g fish)
Laboratory tests

Freshwater
Saltwater

March-May (13-15 cm fish)
Laboratory tests

Freshwater (range of
mean values)

Spring 1975
Dworshak Harchery
(at release)

Captured at Little Goose
Dam (downstream from
Dworshak)

Laboratory tests
(control groups-Spring)

?T = 162
x= 170

Range: 140-160 ?i = 6.0 Houston (1959)
137-185

102-149 105-161 Conte and
Wagner (1965)

x = 134.2
Range: 128-138

Newcomb (1978)

?i;= 134.2
Range: 128-141

Mean values range from:
159 to 169 133 to 138 2.6 to 4.3 Newcomb (1978)

Individual values range from:
155 to 182 128 to 144 2.3 to 5.2

Table 6 .--Correlation coefficients between plasma Na+ and Cl- for each
sampling period in 1980 for Dworshak NFH steelhead.

Period
Item 1 2 3 4 5 6 7

Correlation coeff. 0.377 0.454 0.587 0.687 0.696 0.607 0.158

P (0.005 <O.OOL (0.002 (0.001 (0.001 (0.001 n.s.
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low (i = 1.0; sd = 0.8), suggests that plasma K+ values reported by

other researchers (Table 5) are high, or that a unique situation exists at

Dworshak NFH.

There were no significant correlations between any plasma electrolyte

measurements and water temperature.

Hematology

There are considerable hematological data in the literature for

rainbow trout, Less for steelhead trout. From data summarized in Table 7,

it is possible to estimate lower limits of mean hematocrits of 30% and

lower mean hemoglobin values of 6 for healthy steelhead. Upper Levels are

more difficult to define. Snieszko (1960) reports mean hematocrits of 53%

and mean hemoglobin Levels of 8.7 g/d1 of blood in rainbow trout of a size

comparable to large steelhead smolts. Although our values for Dworshak NFH

steelhead (Table 3) were much closer to Snieszko's, Newcomb (1978) reported

mean hematocrit levels in steelhead similar to that found by other

researchers for rainbow trout (Table 7). A number of authors (McCarthy et

al. 1973; Wedemeyer and Nelson 1975; Wedemeyer and Yasutake 1977)

repeatedly suggest that hematocrit levels of clinically healthy rainbow

trout should be between 24 and 43%, with hemoglobins ranging from 5.4 to

9.3 g/100 ml blood, and these values will be used as the expected range for

individual steelhead in this report.

Summarized hematological data for Dworshak NFH steelhead are presented

in Table 3. Since we have spatial data for the 1980 hatchery samplings, we

are including an analysis of the Mean Corpuscular (or cell) Hemoglobin

Concentrations (MCHC) in this report. MCHC is the amount of hemoglobin (in

g/dl) in the Packed Cell Volume (PCV, which is synonymous with the
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Table 7.--A summary of hematocrit and hemoglobin values for rainbow and steelhead trout
(from published sources).

Source of data
Hematocrit

(%I
Hemoglobin
(g/100 ml blood) References

Rainbow trout

Rainbow trout

Kainbow trout
(Kamloops strain)

Rainbow trout
(Shasta strain)

Rainbow trout
(average 14.2 cm) x = 45.3 --

(average 23.5 cm) x = 53.0

Steelhead trout
At Dworshak Hatchery

(spring)
TT= 40.3
(36 to 47)

At Little Goose Dam
(spring)

x = 35.6
(28 to 44)

Laboratory tests
(spring)

X = 31 t0 37.8
Individual range: 28 to 45

?? = 31.6 x= 7.4
S.D. = + 0.3 S.D. = + 0.15- -

X = 28.2 to 31.7 -iT = 6.5 to 7.7
(Individuals:) (Individuals:)
(11 to 44) (2.2 to 13.0)

si = 39.5 x = 7.5
(30 to 49) (5.2 to 12.9)

x - 34.1 Y = 7.6
(24 to 43) (5.4 to 9.3)

?T= a.7

Houston and DeWilde
(1968)

Barnhart (1969)

McCarthy et al.
(1973)

Wedemeyer & Yasutake
(1977), Wedemeyer &
Nelson (1975)

Snieszko (1960)

Newcomb (1978)
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hematocrit, Hct), and is calculated from the total hemoglobin (Hb) and

hemotocrit (Hct) as:

blood) x 100 = MCHC (g/dl)

(Schalm 1975).

Steele (1978) reports that MCHC is a sensitive indicator of stress in

fish, and that a sharp increase typically occurs under stressful

conditions.

Average hematocrits and hemoglobins at the time of release in 1978

(20-25 April) were 52.4% and 11.3 g/d1 blood, respectively. Similarly high

values dominated the Dworshak NFH steelhead throughout the 1980 sampling

periods (Table 3), and the largest percentage of samples to fall below any

expected range was 3.3% (for Hb < 5.4 g/d1 blood) during the 6th period.-

The general trend for both Hct and Hb was a sharp early rise, followed by a

downward trend after the 3rd period. All of the mean values were within

suggested limits, but indicate that normal data for steelhead Hct and Hb

may be significantly higher than for non-anadromous Salmo gairdneri. There

were two sharp increases in MCHC (Table 3), both shortly after changes in

environmental conditions (changing water supplies and habitat). MCHC

values at release (Periods 4 and 5) appear to be normal.

Average Hct and average Hb were positively correlated (r = 0.97; P <

0.001, Figure 4). Hematocrits and hemoglobins were positively correlated

throughout the sampLing season (P < O.OOl), with r values ranging from

0.580 t0 0.850.
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There were highly significant negative correlations between water

temperature and average hematocrits (r = 0.87; P < 0.020) and average

hemoglobin values (r = 0.89; P < 0.010) throughout the sampling periods

(Figure 5). There were no significant correLations between average fish

size and average Hct, Hb, or MCHC, nor between MCHC and water temperature

or gill Na'-K+ ATPase activity.

Clinical data on hematology throughout the sampling period indicated

that the stock w's in good health at the time of release.

IFAT-BKD

Specimens of Dworshak NFH steelhead from the first, third, and fifth

sampling periods were examined for the presence of BKD organisms by the

IFAT. The incidence and intensity of infection was light in most cases.

During the first period (3 March 1980), 7 out of 60 fish examined

(11.7%) had BKD organisms in either the anterior or posterior kidney, and

the Level of intensity ranged from 1 to 5 organisms/l50 microscopic fields.

No BKD organisms were found in the third period samples, and only 2.7% of

the samples were infected in the fifth period. Intensities of infection in

samples from the latter period were much higher, ranging from 53 to 148

organisms/l50 microscopic fields. Total infection for the 180 fish

examined during the three periods was 5%, which is low.

Histopathology

A summary of the pathological conditions observed, their severity, and

their frequency of occurrence is presented in Table 8. The severity is

ranked as: I--recognizable (least severe), II--intermediate, and
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Table 8.--Pathological conditions observed in Dworshak Hatchery steelhead in 1980, and
their percentage of incidence.a/

Organ
and

pathology

Eye
Skeletal

muscle lesions

Gills
Increased

number of
lymphocytes

Epithelial
cell formation

Solitary
basophilic
organism

Vascular
telangiectasis
secondary
lamellae

Acute focal
hemmorhage

Bacteria
present

Sporozoan
parasite in
secondary
lamellae

Acute
exudate

Olfactory sac

Focal
mononuclear
cell infiltration

Incidence (X)
Period.1 Period 2 Period 5
(severity)!? (severity) (severity)

I II III Total I II III Total I II III Total

68.3 0 0 68.3 65.0 13.3 0 78.3 47.1 0 0 47.1

60.0 25.0

45.0 33.3

3.3 0

0 85.0 25.0 66.7 6.7 98.3 51.7 36.7 0 88.4

6.7 85.0 0 33.3 66.7 100 36.7 41.7 16.7 95.1

0 3.3 0 0 0 0 1.7 0 0 1.7

50.0 13.3 0 63.3 18.3 1.7 0 20.0 6.7 1.7 0 8.4

0 0 0 0 3.3 0 0 3.3 0 0 0 0

0 0 0 0 3.3 0 0 3.3 1.7 0 0 1.7

0 0

0 0

40.0 48.3 7.7 96.0 58.3 31.7 3.3 93.3 66.7 15.0 0 81.7

0 0 0 0 0 0

0 0 1.7 0 0 1.7

0 1.7 0 1.7

0 0 0 0

21 Brain tissue was processed and examined for all specimens, and there was no evidence of
pathological lesions.

b/ I--recognizable (least severe); II--intermediate; III--severe.
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III--severe (a composite summary for all hatcheries is presented in

Table 9).

At or near release, Dworshak NFH steelhead were characterized by much

lower incidences of gill parasites in 1980 than in 1978 (1.7 vs 28.3%).-

Incidence rates in eye lesions and other lesions of the gills were

approximately the same. There was a marked decrease in miscellaneous gill

lesions between the first sampling in March and the final release in late

April (Table 9). which was apparently due to a decrease in the incidence of

telangiectasis (basically capillary lesions) of the secondary lamellae

(Table 8). There was a marked decline in severity of olfactory sac Lesions

(Table 8) as the sampling season progressed. Some of the decreases in

incidence of tissue lesions may have been the result of a change from

recycled to single pass water.

Hatchery records (Table 2) indicate that in the early culture phases

(1979) there were some problems with nitrogen saturation, "whitespot"

disease, "Ich," and epistylis. Mortality was estimated at 35% before

ponding, but only 5% between ponding and release.

Summary

Serial sampling of the Dworshak NFH steelhead in 1980 indicated that

the general health of the fish was excellent, and that most of these Eish

were smolting during the second release (24 April). General health and

physical appearance of the fish at release time was markedly improved over

1978. This may be a reflection of the decision to switch from recycled to

flow-through water supplies in March. Generally Low temperatures after

that (Figure 1) were probably a major factor in‘ the smolt quality. We

estimate that over 70% of the fish were smolting when the test group was
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Table 9.--Summary of lesion incidence (X of samples) and average intensity (scale: 1 to 3)
for 9 of the 10 hatcheries,sampled  in 1980."1

Stock
Sample Eye
No. Date muscle

Gill-mis-
Olfactory Gill- Gill- cellaneous
s.ac lymphoid epithelial lesions

4 April (30%)/0.3 (35%)/0.5 (73%)/0.9 (73%)/1.4 17%
7 May (80%)/0.8 (97%)/1.2 (97%)/1.3 (98%)/1.6 12%
12 June (70%)/0.7 (98%)/1.6 (100%)/1.7 (97%)/l .6 0

Tucannon
Steelhead

Dworshak
Steelhead

Big Creek
Fall chinook

Spring Creek
Fall chinook

Leavenworth
Spring chinook

Carson
Spring chinook

Kooskia
Spring chinook

Rapid River
Spring chinook

Willard
Coho salmon

113
1/5A
u7

t 1
83
t5

t 1
#2
t3
#4

H 1
n2
H3

t1
i/3
115

Hl
#2
f3
14

I 1
113
t5

u 1
t2
13

#l
i/2
t3

4 March (68%)/0.7 (87%)/1.4 (85%)/1.1 (85%)/1.3 63%
1 April (78%)/0.9 (93%)/1.3 (98%)/1.8 (100%)/2.7 23%
29 April (47%)/0.5 (83%)/1.0 (88%)/1.3 (95%)/1.7 13%

8 April (lO%)/O.l (2%)/0.0 (17%)/0.2 (62%)/0.8 2%
23 April (18%)/0.2 (62%)/0.6 (37%)/0.4 (68X)/0.8 10%
6 May (40%)/0.4 (75%)/1.0 (97%)/1.3 (100%)/1.5 2%
13 May (38%)/0.4 (93%)/1.0 (92%)/1.2 (95%)/1.5 2%

10 March (18%)/0.2 (63%)/0.7 (75%)/0.9 (80%)/1.1 8%
10 April ( 7%)/0.1 (50%)/0.6 (27%)/0.3 (72%)/0.9 27%
8 May (22%)/0.2 (95%)/1.1 (97%)/1.3 (100%)/1.5 2%

3 March (33%)/0.3 (97%)/1.0 (100%)/1.3 (98%)/1.7
31 March (38%)/0.4 (90%)/1.1 (98%)/1.2 (98%)/1.7
28 April (38%)/0.4 (48%)/0.6 (72%)/1.0 (73%)/0.8

4 March (82%)/0.8 (88%)/1.0 (85%)/1.5 (93%)/1.3
4 April (42%)/0.4 (90%)/1.0 (75%)/0.9 (60X)/0.7
17 April (60%)/0.6 (85%)/1.0 (72%)/0.9 (25%)/0.2
12 May (42%)/0.4 (93%)/1.0 (90%)/1.2 (53%)/0.7

5 March (15%)/0.2 (80%)/0.8 (87%)/1.0 (87%)/1.2
2 April (33%)/0.3 (90%)/1.0 (67%)/0.8 (73%)/0.9
30 April (43%)/0.4 (92%)/1.0 (52%)/0.7 (68%)/0.8

6 March (43%)/0.4 (83%)/0.8 (97%)/1.2 (100%)/1.7
20 March (55%)/0.6 (92%)/1.1 (92%)/1.2 (83%)/1.1
3 April (59%)/0.6 (97%)/1.1 (93%)/1.1 (82%)/1.5

5 March (63%)/0.4 (98%)/1.2 (97%)/1.1 (75%)/0.9
2 April (47%)/0.5 (lOO%)/l.l (85%)/1.0 (45%)/0.5
20 May (78%)/0.8 (97%)/1.1 (98%)/1.6 (97%)/1.2

5%
12%
3%
3%

15%
7%

20%

4%
4%
8%

22%
17%
0

21 Brain tissue was processed and examined for all specimens except 7597 and 7598 in
the Tucannon steelhead #3. Only 2 specimens showed any pathology:
(Carson spring chinook #3) 8,506 had a Class II pyogranulomatous inflammation, and 8516
had a Class III retrobulbar granulomatous inflammation.

295



released (5th period). Gill Na+-K+ ATPase values couLd only he

significantly  correlated to fish size dt~ring the 4th and 5th pcri~~ls I>C~OI-

to release. There were no si#rllficallt correlations ol gi 11 Nit+-K +

ATPase and other measured parameters.

There were no apparent deviations of plasma electrolytes from the

expected values throughout the sampling season, with the exception of

plasma K+, which was frequently Lower than reported in the Literature.

Compilation  of 1978 and 1980 data suggests that generally high mean

hematocrit and hemoglobin values in northwest steelhead stocks may reflect

a normal hematological  condition for these anadromous strains of rainbow

trout. Profiles conducted in 1980 provide excellent significant negative

correlations of Hct and Hb values with water temperature, but no

correlations with possible smolt indices such as gill Na+-K+ ATPase or

plasma electrolytes. Very few of the Dworshak NFH fish had "borderline

Low" hematological  values. MCHC Levels may have reflected some changes in

water quality. Although IFAT tests of kidney tissue smears from 180

specimens (total) did reveal the presence of BKD organisms, incidence of

the disease was very Low.

An analysis of the veterinary pathologist's data on examinations of 60

fish from each of three sampling periods indicates a general decrease in

the incidence of tissue Lesions throughout the season.

In general, the stock appeared to be in excellent health at the time

of release of the control and test groups, and they were beginning

smoltification.
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Tucannon Hatchery (WDG)

General

1980 was the third year in succession that steelhead trout from the

Washington Department of Game (WDG) Hatchery at Tucannon were used for the

homing studies. In 1978 and 1979, we collected gill Na+-K+ ATPase

profiles, but data for the other parameters were only collected at the time

of release (briefly summarized in Table 10).

Complicating factors in 1980 prevented us from collecting the standard

60 fish samples/period, and adjustments were made to suit the

circumstances.

Early in the season, WDG graded steelhead for the homing studies into

four size groups, one group for each circular pond. Three of the groups

were sequential test releases, and the fourth served as a control. Since

there were only 17,000 to 22,000 steelhead/pond, and sampling time was

limited, we restricted our sample sizes in the first part of the season to

20 fish/pond in the three test ponds-, and Na+-K+ ATPase and plasma

electrolyte data were derived from 2-fish rather than 3-fish pools. The

control pond was sampled for Na+-K+ ATPase only at release, as these

fish were approximately the same size as the smallest release group. The

releases, as reported here, are:

Release Reporting group no. Location Size

Early Group I Pond 1 (Largest fish)
Normal Group II Pond 4 (Next largest fish)
Late G r o u p  I I I Pond 2 (Smallest fish)

Control Group IV Pond 5
(released

(Small fish)

into the Walla
Walla River)

297



Table 10. --A summary of health and smoltification index data for Tucannon
Hatchery steelhead at the approximate times of release in 1978
and 1979.

Condition
1978 1979

Mean S.D. Mean S.D.

Hematological  Data

Hematocrits 48.6%
Hemoglobins 9.9

Plasma Electrolytes (mBq/l)

Na+ 159.5
cl- 131.6
K+ 2.4

Gill Na+-K+ ATP (u moles pi/mg
protein hour)

+ 6.8
T 1.5

+ 9.5
T 6.5
+ 2.6

795108178 18.2 + 5.0 [5/08/
5/22/78 11.7 z 4.0

BKD - IFAT

(4;; of fish with BKD
bacteria present
in the kidney) 21.6 ---

53.0 + 7.7
9.2 ?: 1.3

140.7 +11.3
127.0 + 8.7

2.9 5 1.7

] 25.9 + 9.0

1.7 -we
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Because of the diversity of sizes in the test release groups, each

pond is reported as a separate entity. Histopathology and BKD (IFAT)

surveys are summarized for all groups. Water temperatures were taken from

one pond for each sampling period, and the seasonal profile for the four

release groups is presented in Figure 6. Ambient water temperatures were

below 12OC for all release groups except Group III, which was not released

until 12 June.

Figure 7 is a composite graph of the mean fork Lengths of all four

groups during the sampling period. The average size of Group IV (sampled

twice) was much smaller at release than the others.

Profiles of average gill Na+-K+ ATPase activities for all four

groups are presented in Figure 8. Note that the first two groups were

released as activities were ascending, and the third (Late) Group (III) was

released about 40 days past a small peak. Group IV, released into the

Walla Walla River, had very Low gill Na+-K+ ATPase values. None of the

Na+-K+ ATPase samples collected the first week in May were as high as

those in 1978 or 1979 during a comparable period (Table 10). The 1980

stock was from Chelan Hatchery, whereas in 1978 and 1979 the stocks were

from Skamania Hatchery.

Summaries of data collected for Tucannon steelhead throughout the 1980

season from all four ponds are presented in Tables 11, 12, 13, and 14.

Group I (Pond 1, Table 11)

Gill Na+-K+ ATPase.--The gill Na+-K+ ATPase profiles presented-

for homogenous populations of Tucannon steelhead in 1978 and 1979 (Skamania

Hatchery stock) indicated that peak average values occurred in the first 10

days in May (Novotny and Zaugg 1979, 1981). In 1980, there was a sharp
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Table 1 I .--Summary Dada frrr Lhe sprl~~ (1980) sampl 1 ,lp of TII,.:~,I,~,III ~t;,t,.l,~r~ s~rettle;,d, 
WI Lh meil,,s ( sta11dnrd deviations ( ), AlKt l-iill~I?S. 
n = 20. 

Crmp I, Pnllrl 1, first release, 

--~______~ ---.-_-___--- --__ ---------~---- 

Item ---_ I 

7 Mwrch 
Date 

rhys>Ja 15 
Temp. cv$d 

AVE. Fk I.&~ 

(Rallge ) 

Avg. ATP Fk L,d/ 

(Range) 

Avg. AT& 

(Range) 

AVE. Hctff 

(Rallge ) 

Avg. Hhd 

(Ra~lge) 

Avg. MCliChl 

(RattEe) 

AVE. pJ, +i! 

(Ratwe) 

Avg. K+L’ 

(Raq?e) 

Avg. Cl-k 

(Ratlge) 

Nat/CL-If 

(Ratwe) 

hh 

7.2 

Period 
2 

---._ - ----- --- 
3 4 .-~- 

21 March 
T A,;-i.i ------------- ?7i n.~.l---~- 

Fin 

5.n 
94 

7.8 

142.4 
(10.7) 
124-162 

151.R 
(13.4) 
118-l 7h 

l5I.R 
(13.4) 
1 IR-I 76 

15h. I 
(t1.n) 
125-I 72 

t 42.4 
(I n.7) 
124-162 

I5h. I 
( t I .(I) 
125-l 72 

1O.h 
(I .3) 

P.Gl2.6 

45.n 
(4.6) 
35-55 

IO.5 
(1.2) 

R.5-I 3.2 

14. I 
(I .9) 

in.fs-i 7.5 

49.4 4h.9 

(6.2) (3.7) 
40-62 42&5h 

I O(1 
8.9 

lf1R.h 
(8.7) 

153-192 

I6A.h 
(8.7) 

15-i-192 

12.6 
(2.2) 

9.2-lh.0 

51.3 
(4.2) 
45-hn 

8.‘) 

(1,.9) 
R.Il-1n.7 

19 .5 
(1.R) 

lh.9-23.R 

(7::) 
5.7-tn.7 

Iii.8 
(1.6) 

13.h-19.4 

I It.11 
(n.7) 

x./l-l I .3 

II .4 
(2.3) 

lh.R-2h.2 

137.3 t44.n Ihrl. 7 
(5.1) (R.3) (1.5) 

Ill-14h 129-l 55 154-l h7 

Il.4 t 

(l~.lu-l) 

11. lh-n. 511 

rt.4h 

(n.25) 
0.23-n.73 

t .I)5 
(0.12) 

0.80-l . I7 

t 17.6 119.G l11).4 
(I ?.I)) (6.2) (R.H) 

‘)2-I 311 127-148 113-144 

I.11 

(ll.n-3) 

I .Oh-I . I5 

I .n3 
(n.nh) 

0.96-l. IR 

I.24 
(n.07) 

I .3h-I .3h 

-- 

..- _ 

. 
--- 

__ 
. 

--- 

-.- 

--- 

_-.. 

--- 

--- 

-___ ------ -..-_.- __.. ~. 

a/ nays> 1A I : 1‘1~~ Ilumhrr nf days tlosl I .IRIIW~.Y 1980 L~VCI LIW sampI t11r: 
perid represr111s. 

-- ..-. 

h/ Temp.-Y: WitLPr Lr’mt’~‘rrLrlrr (II, cirjirces C.) I.cIIsLIrPII for LtI;IL t”“il~~t. 
c/ Avg. Fk 1.11: The averwe fork tell,qLh (III mlllimelers) of all fisll mr:1411rrd 
for that period. 
$1 Ave. ATP Fk 1.11: The average fork IeogLhs of fish used for the ~1 It ATt’;lsr 
measuremenls for th:rL twrind. 
e/ Ave. ALP: The avrrn~!!r nil I ATPaw levels for that pertod. (Nat-KC ATt’nnr 
activity III II moles Pl/mg protein/hour.) 
f/ Ave. Ilct: The av~rqr hrmaLocriLs for LhaL period (X pa~.krcl ccl In). 
g/ Ave. Hh: The awraf!e hrmoRlohtlls For Lhnt period (111 ~/dl). 
h/ Ave. MCIIC: The “P;IU ~.orp~~sc~~l:~r hemoglohlrt cowe~~lra~to~~s (Hh/tl~.l x 101,) 
averagc=Ti for 1hI prrll,d. 
i’ Ave. Na+: 
I! Ave. K+: 

The nvern~r! plasma wrl111m for LhaL period (‘II mc,,/t). 
The averafle plasma poCansium for Lh;lL period ((II mclq/l). 

k/ Ave. Cl-: The averi~pc pInsma ~11Inride .for Lhat p~rjnd (111 mrq/t). 
l-1 Nat/Cl-: The ratios of the plasma sodium to chlorides for LhnL period, 
averageti. 
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Table lZ.--Summnry dala  for 111~  spring  (19RO) sampI  ln~ o f  TIW.IIIIWII  II;IL~.lwry  <t wIhe;~d,  WI th mc’:tIIs,  sta~~rlard
devtsllolln  ( 1. awl rarlRes. Crm1p  II, SemIId  release. ” = zn.

- - ----.---_--..  -_ _ ____ _- _____-_______

Perfnd

Item - 1 2 3 4 5 h 7------_-___-~ _- .----nRLe 7 March 21 March 4 April 10 ----.-----7Ti  April .~p~i.i- 7 H;lv---jHny---

n*ys>Jt$
T e m p .  CL

AW. Fk L&j

( RauRe)

Avg. ATF F k  I.&

(Range)

Avg.  ATPcj

(Range)

Avg. Hc C/

(Rm1ge)

Avg. Hhd

(Range)

Avg. HCHC!!l

(Rawe)

Avg.  Na+l/

(Rauge)

Avg. K+i’

(Rawze)

Avg.  Cl-!?/

(Range)

Na+f Cl-l/

(Rewe)

66
7.2

RO
5 .I)

162.6
(5.7)

154-l  73

94 I no I OR 12% 127
7.R R.9 9 .5 II.2 In.5

13R.R
t17.1)
107-162

141  .h IhR.0 162.7 169.R 173.9
(8.X) (14.h) (l5.r)) (17.9) (12.7)

122-160 134-195 I20-IRS 117-192 139-196

13X.8
(17.1)
107-162

162.6
( 5 . 7 )

154-173

,Y,
6.1-11

4 3 . 6
(6. I)
33-57

7 . 4

14l.h IhR.0 trr2.2 169.X 173.9
(R.R) (14.h) (15.0) (17.9) (12.7)

122-160 134-195 121bIR5 117-192 I -l9-I9h

1O.R
(2.4)

X . 1 - 1 6 . 5 i

11j.n
(1.7)

6.3-12.1

111.7
(2.2)

9.R-12.5

4 6 . 5
(2.9)
41-53

12.4 13.5 13.7
(1.R) (3.9) ( 3 . 5 )

9.7- l  5.7 7.6-1R.R 9.0-21 .n

49 .5
(5.6)
40-63

4h .2
(5.1)
39-57

45 .7 54.n 4R.h

(5.6) ( 5 . 9 ) (5.1)
37-hn 40-6R 39-59

9 . 5
(n.9n)

7.7-l 1 .?

19.2
(1.5 1

15.9-Z I .h

135.n
(X.0 1

123-143

(0.92)
6.3-10.0

9 .4
(1 .no)

7 . 7 - 1 1 . 6

,17.1 2n.n
.(l.2) Cl.?)

14.R-19.1 14.5-29.2

146.1 152.3
c6.n) (9. I)

137-154 140-164

D.R 0.45 1.11
(0.29) (0.15) (n.5f-l)

0.56-I .50 0.24-0.79 0.63-2.00

110.5 135.4 122.0
(12.9) ( 6 . 3 ) (7.3)
R9-I 26 121-141 104-131

1.23 I .OR I.25
(0.14) (0.n4) (n.n9)

l.nR-1.54 1.04-I.16 1.10-1.40

- - -
- - -
- - -

- - -
--_
- - -

- - -
- - -
- - -

- - -
- - -
- - -

- - -
- - -
- - -

- - -
- - -
- - -

7.7
(n.R5)

6. J-9.0
(E7)

7. I-10.6

---

l h . 9 lh.4
(I.11 (1.h)

i4.5-2n.7 14.0-19.3

---
-_-

142.3 140.1
(II.?) ( 1 4 . 4 )
Ins-160 AA-1 5R

n.64
(1).2h)

n.34-I.16

n.59
(0.31)

0.29-1.50

---
---
---

139.2 137.4
(8.8) (12.3)

118-155 A6-I 57 ---

I .I)3
(o.n7)

n.92-I.16

I .n2
(n.nf3)

O.R9-1.17

51 Daya>JaI: T h e  number  o f  davs poaL I .la~tw!ry l9Rn t h a t  t h e  nnmplinp: p e r i o d  r e p r e s e n t s .
h/ Temp.-‘C: W a t e r  temperaLure  (trl degrees  C.) m e a s u r e d  f o r  Chat pprind.
;/ Ave. Fk 1.11: T h e  sverqc f o r k  lerlgth (~II mtllfmrtern)  o f  all fish rnca~urr~t  fa)r 1h:11  prrlorl.
d/ AVR. A T P  Fk 1.11: Thr averare  f o r k  Lellglhs  o f  fish u s e d  f o r  Llw ~1 LI ATI%sr mcns~~remct~ts  fnr 11~1  rwrlod.
-&/ AVE. A t p : T h e  a v e r a g e  gill  ATPase l e v e l s  f o r  t h a t  p e r i o d . (Na+-Kt  ATPase acttvity  111 II moles  Pi/ml:
protein/hour.)
‘I AVE. Hct: T h e  averaRe  hemntocrtts  f o r  t h a t  p e r i o d  (X p a c k e d  c e l l s ) .
$ “,:;. Ilh: T h e  a v e r a g e  hcmoglohlnn  F o r  Lhat  perfod (fu g/dI).

. MCHC: T h e  rn~a11  c o r p u s c u l a r  bemoglohlu  coweutrsllws  (Ilh/tlcL  x 100) averaged  for t h a t  p e r i o d .
i! A v g .  Na+: T h e  averaE!e  plasma  s o d i u m  F o r  t h a t  pertod (111 meq/l).
11 AVE. K+: The averace plasma potassium for that  period (frt  meq/l ).
k/ Avg. C l - : T h e  averaRe p l a s m a  c h l o r i d e  F o r  t h a t  period  (111 meq/l).
1/ Na+/Cl-: T h e  r a t i o s  o f  t h e  p l a s m a  s o d i u m  t o  c h l o r i d e s  f o r  t h a t  p e r i o d ,  a v e r a g e d .
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Table 13.--Summary  data  f o r  t h e  nprlng  (19110) sampll~~g  o f  TW~IIIIOII  s~e~lhr:ld, wi th ~P<,I,s. SLallrlnrd drvlaliolrs  ( ), and  TAIIRPS.
C r o u p  I I I :  P o n d  2 ;  t h i r d  relesne:  n - 20 ( p e r i o d s  I - 4), n = 70 (prrlodn S-10):  nnd  ” - 60 (prrlod  I).

- ~_-~--_-.-_--__-_-_-_~.-  .  .  .  .  ..-- -.._- .---....--...._..___...  ..____

1’1.1 I,,41
ILrm I 2 3 4 5 h ? n 9 IO I I

nate 7 March 21 March 4 April IO April IR April 2 t&y 7 Hay h Hay 10 Hey h Jlllle

ll.lYS>.l~  lR/ hh
rrmp. “Ch/ 7.2

4VK. Fk  LIE./ 133.n
(12.R)

( RallKe) 110-156

\vp;. A T P  F k  LnJ!/  133.n

I711 94
5.n 7.R

141.6 lh7.R
( 1 0 . 7 ) (1n.4)
125-167 145-184

141.6 167.R
(10.7) (In.4)
125-167 l45-lR4

I I . 5
(1-R) Z,

R.3-15.3 7.1-12.9

46.6 46.3
(4.R) ( 4 . 1 )
4n-5h 41-57

7.9 'I . h
(0.7) (11.9)

6.3-9-n R.I-12.3

17.0 2ll.A
(1.R) (2.4)

14.3-20.~ l7.h-2R.n

I on
A.9

144.0
( 1 5 . 4 )
111-169

i44 .n
( 1 5 . 4 )
III-169

9.R
(1.2)

7 .9 -11 .5

46.9
( 4 . 5 )
40-55

- - -
- - -

IOR I?2
9 .5 Il.?

149.5 152.1
(9.1) (l7.n)

134-172 112-179

149.5 152.1
(9.1) (17.0)

134-172 112-179

9 .5 9.7
(1.5) ( 2 . 7 )

7.1-11.9 6.7-13.6

46.9 53.2
( 6 . 7 ) (7.0)
27-59 3h-h6

d:J,
x.')

(I.?)
4.11-9.7 h.5-1I.h

16.5 16.7
(1.1) (1.5)

14.5-19.4 14.1-19.6

14R.l 141.9
(6.5) (11.5)

13R-lh3 l17-15R

n.76 0 .52
(0.51) (11.15)

n.36-2.15  n.39-n.7,2

I27 13h
IO.5 R.5

lh2.11 169.3
(15.9) ( 9 . 9 )
InR-IR2 143-189

162.0 169.3
( 1 5 . 9 ) ( 9 . 9 )
IOA-lR2 14VIR9

12.7 17.5
( 2 . 9 ) ( 4 . 4 )

7.9-16.1 R.n-23.3

50 I57
10.0 in.0

65.1 172.0
17.9) (12.2)
27-195 146-199

h5. I 172.0

:Rawe)

iv?,. ATP:l

'Range)

ivg.  HcLfl

RAIIp2)

&VI?.  Hha!

R;ltlne)

b”J?.  MCHChf

Rn11ge)

."K. Natif

Ra 1,R.z)

“a. K+i/

Ri(we)

"I?. c I -kJ

Ricllge)

a+c  1-11

(12.R)
lln-is6

17.n
( 1 . 5 )

l0.2-14.R

47.7
(6.6)
35-62

9 .2
(1.2)

7.n-ii.7

19.4
(1.6)

17.5-22.4

137.4
( 1 1 . 3 )
117-154

0 .59
(n.29)

0.31-1.10

124.n
( 9 . 2 )

113-140

l.ln
(n.n9)

n.97-1.22

147.3 15H.9
(8.0) (5.0)

14n-in5 15s165

n.56 1.79
(0.11) (O.R7)

n.4l-n.hR  i.n7-3.95

139.4 12R.5
(R.1) ( 4 . 9 )

12h-I55 12n-134

l.n5 1.24
(n.05) (n.cjs)

- - -
- - -
- - -

- - -
- - -
- - -

- - -
- - -
- - -

- - -
- - -
- - -

- - -
- - -

n.9R-I.16 I.lh-I.74 - - -

131.7 144.h
(6.n) (O.(1)

119-141 124-159

54.4 54.7 --- 51.R 54.7
(5.5) ( 7 . 2 ) --- ( 6 . 3 ) ( 5 . 9 )
41-h4 4)-7n --- 41-69 41-75

- - 9 . 'I
(1.6)

6.7-12.3
---
---

---
---
---

---
---
---

---
---
---

---
---
---

---

(EP, (I::,
RI)-12.7 7.n-16.9

-..-
---

_-._
---

--..

---

--..
---
---

---

I7.R
(7.7)

13.3-2h.R

14R.0
(7.6)

145-152

- - -
__-

127.R
(6.7)

II)R-I77

I.17 6.97
-. I.17

(0.7) (fl.ll/) (f1.lll ) --- (11.07) (n.13)
I.nl-I.25  n.RO-I.15  - - - 1 . 1 2 - 1 . 1 3  - - - l.ll-I.41 n.93-1.4

( 1 7 . 9 ) ( 1 2 . 2 )
127-195 146-199

c::;, (2,
5.A-10.5  6 . 3 - 7 . 7

IR.4 17.R
(1.4) (1.5)

150-165 14.3-22.9

160.0 14R.2
( 2 . 9 ) (16.4)

i5n-165 130-164

0.72 0.97
(rI.7R) (n.65)

0.34-1.59 n.35-2.62

12A.h 125.2
(6.2) ( I h . 6 )

114-l7R 92-169

I.7h 1.21

12 .Iut1e

Ih3
17.2

172.R
(16.7)
126-208

173.4
(19.1)
126-20R

7.5
(2.1)

3.6-14.9

' I,:cvs>.la  1 :
./

T h e  number  of d a y s  posl I  .Iat~~rary  19Rn  that Lhe  sampl1np.  period  represvuls.

.I
Temp.-OC: WaLer t e m p e r a t u r e  (ill dr~rrrs  C.) mens~~rm  f o r  that  p,rriod.

./
AVE. Fk 1.18  : T h e  a v e r a g e  f o r k  length  (111  mlIlfmPlers)  o f  a l l  fish  mrnsurrd  For Il!;tl  p~riwl.
AV.K. ATP Fk 1.11  :

f AVE.  A t p :
T h e  nvera~e  f o r k  Irnj!lhs  o f  fish  uswl f o r  the 81 II ATPaw mr;csuremc~nt~  f o r  Ihat prriod.

r Avg.
T h e  average gill ATPase levels  f o r  LhaL p e r i o d . (Nat-K+ ATPasr  a~~ivily  III II m o l e s  Pi/mK  proLellt/hollr.)

Hct:
1 AVE.  IIh:

T h e  averaRe  hemnlocrtts  f o r  that  period  (T, packed c e l l s ) .

' Avg.
T h e  average hemoK!obins  F o r  Lh;lL  p e r i o d  (III p/dl).

HCIIC:
I AVE. Nat:

The-"pan  co:pusclllar  hemoKlohln  cowenlraLlons  (Ilh/Hct  x IOn)  averaged f o r  LhaL  p e r i o d .

I A v g .  K+:
T h e  aweraw  plaAmn  s o d i u m  f o r  Lhal.  perlod (III meq/l).

1 Avg .
T h e  avercl~e pLasma  polassl~~m  f o r  t h a t  prrlod (111  "q/l).

CI-:  T h e  average plasma chloride  fnr LhraL  period (in meq/l).
/ Na+/Cl-: The rat ios of  the plasma sodium to chlorides for Lhat period.  nveragrd.
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T a b l e  14.--Summary  d a t a  f o r  t h e  sprinR  (,96(l)  sampll~~g o f  Twan~ron
Hatchery  steelhead,  wtth  m e a n s .  s t a n d a r d  devtations  ( ),
and ranges. G r o u p  IV, Pond  5 ,  Con t ro l  (Wa l l a  Wa l l a  R ive r ) ,  n = 30 .

I tem
Period -___-  -_

7 9--____- ---.----  __. ----  -__---  _______-_

Uate

Days>Ja  1%.I
Temp. 0&l

A v g .  Fk I.,C/

(Range)

A v g .  Al’, F k  I.&

(Hangel

A v g .  A.lTe~-

(Range)

A v g .  t~c&J
(Kange)

A v g .  Id

(RanRe)

A v g .  MCIIC!!/

(Range)

Avg. ~a+lJ

(Range)

A v g .  K’if

(Range)

A v g .  Cl-k/

(Range)

Na+/C l-z!/

(Range)

7 uay

IL7
10.5

121.4
(II.‘))
97-146

121.4
( I  1.9)
79-146

30 May

I50
I0.O

135.7
( 1 4 . 7 )
113-164

135.7
( 1 4 . 7 )
113-164

(E, ,:::‘,
5.0-8.2 I .,)-I 2.4

- - -
- - -
- - -

- - -
- - -
- - -

- - -
- - -

- - -
- - -
- - -

- - -
- - -
- - -

- - -
- - -
- - -

- - -
- - -
- - -

53.9
(6.2)
39-66

8.1
(1.1)

6.0-I 1.7

16. 3
(1.6)

12.8-20.5

147.11
(4.6)

141-151

_--
- -  -

IIh.0
(8.9)

113-155

1.12
( 0 . 1 4 )

I .1)3-l .34

. .- .- . . .._ - __ .._- _-__.

Ef Uays>Jal  : ‘The  n u m b e r  of d a y s  p o s t  I  .lan!lary 1981)  Lllat  LIE snmpI,ng
~r;~“.,,~,,;~s”‘ts.

S/ Avg.  Fk 1st:

W a t e r  tem,wratulrr*  (11) dc>grees  C.) mt~:tsllrc*tl  for that prrlod.
T h e  a v e r a g e  f o r k  leugth  <in mlllfmeters)  o f  ;111  f i s h  mcasurc%d

f o r  that pcrlnd.
dJ Avg. A’W F k  1.n: TIE a v e r a g e  f o r k  lengths  o f  fist! u s e d  f o r  the?  811 I ATPasr
measllrements  f o r  that  period.
eJ Avg.  Atp:- Ttw average  Rlll A’I‘I’ase  levels  f o r  that  perl~d.  (Nat-K+  ATPase
actlvlty  In 11
f/ A v g .  Ilct:

moles Pt/mg ,~roteln/ho~lr.)

i%f  A v g .  tlb:
T h e  average  twmatclrrits  f o r  that ,wrInd (X p:l<.kt*d  c e l l s ) .

!d A v g .  MCIK:
‘The  average  I~em~~Rl~blr~s  f o r  t h a t  period  ( i n  p,/dl).

‘The  m e a n  corp~tscular  h e m o g l o b i n  concentrat  LOIS  (Ilb/tlr:t  x 100)
a v e r a g e d  f o r  Lllat  p e r i o d .
iJ A v g .  Nat:
.i/ A v g .  K+:

T h e  average  p l a s m a  sodltlm  f o r  that  period  (ill meq/l).

k/ Av
The  a v e r a g e  p l a s m a  p o t a s s i u m  f o r  t h a t  p e r i o d  (in meq/l).

11 Na f -
Cl-: The a v e r a g e  p l a s m a  chlortde  f o r  that period  (in meq/l).

/Cl-: T h e  r a t i o s  o f  t h e  p l a s m a  sodtum t o  chlorides  f o r  t h a t  p e r i o d ,
averaged.
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increase in the average gill Na+-K+ ATPase activity early in the season

(Figure 8). The drop in activity (at release) from the previous sampling

period probably does not represent a true decline since there is no

statistical difference in the two values, and peak Na+-K+ ATPase

activities for steelhead normally occur in May.

There were no significant correlations in this Group (I) between

average gill Na+-K+ ATPase values and average fork Lengths, plasma

electrolytes, hematocrits, hemoglobins, or water temperatures during the

sampling periods, nor were there any correlations between Na+-K+ ATPase

values and other parameters measured during any one sampling period.

Plasma electrolytes.--Average plasma Na+ and C1- in Group I

reached peak Levels equal to or exceeding those measured in May of 1978 and

1979 (Tables 10 and 11). Average plasma Na+ and C1- values diverged

sharply as gill Na+-K+ ATPase activities began to rise (Table 11).

Average plasma K+ values of fish in Group I (Table 11) never reached

the 1978 and 1979 Levels (Table 10), and were below the minimum expected

and reported values of other researchers. Although rising rapidly at the

time of release, plasma K++ Levels for Groups II and III barely peaked at

the minimum expected Level of 1.5 mEq/l (Tables 12 and 13). All mean

plasma K++ values followed a trend (similar to that of the Dworshak NFH

steelhead) of peaking in April, followed by a general decline.

Hematology.--There were no indications of hematologicaL  deficiencies

in any of the Group I fish examined (Table 11). There were fluctuations in

average hematocrit and hemoglobin levels, with sharp increases prior to

release (Table 11).
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Comments.--A sample of fish taken from Pond 1 on 8 April

(x FkLn = 158.8 mm; n = 33), just before transfer of the entire lot

to hauling trucks for transportation and release, indicated a significant

size differential (P = 0.007) from the subsample collected on 10 April

(x FkLn = 168.6 mm; n = 20).

Group II (Pond 4, Table 12)

Gill Na+-K+ ATPase.--Group II steelhead were released 7 May,

approximately the same time as 1978 and 1979 test fish. The Na+-K+

ATPase profile paralleled that of Group I, (Figure 8), but perhaps due to

the different stock of fish, the level of peak activity was considerably

Lower than the activities measured at the same time in 1978 and 1979

(Table 10). The apparent growth of this stock was good, and average size

of the samples was larger than any other group at release (Figure 7).

Although no fish were held over from this pond for further monitoring of

Na+-K+ ATPase, it would appear that the release was made near the peak

of activity (Figure 8).

There was a significant positive correlation  between average gill

Na+-K+ ATPase values and water temperature during the periodic sampling

of Group II (Figure 9). Average gill Na+-K+ ATPase could not be

significantly correlated with averages of other parameters measured.

Correlations between gill Na+-K+ ATPase values of Group II fish

and average fork lengths for each Na+-K+ ATPase value generally

increased as spring progressed, but were not highly significant until the

sixth period, 5 days prior to release (Table 15).
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Y=4.62 + 0.7900X
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L 12.0-
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Figure 9 .--Regression of average gill Na+ +
-K ATPase values of steelhead in

Pond 4 (second release group) on water temperature at Tucannon
Hatchery during spring 1980. r = 0.938; P = 0.002.
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Table 15.--Correlation  coefficients between Gill Na+-K+ ATPase values
for each sampling period, and average fork length of Tucannon
Hatchery steelhead used to provide gill samples in 1980 from
Group II (Pond 4).

Period
Item 1 2 3 4 5 6 7

Correlation
coefficient

(DF=8) 0.44 -0.09 -0.19 0.13 0.6921 0.80&f 0.45

a/ P<O.O2

bl P<O.Ol-

If smolting was well developed between the sixth and seventh

periods, and we use the sixth period as an approximate index, gill

Na+-K+ ATPase values of 15 u moles Pi/mg protein/hour or more would

represent 50% of the samples collected, and would probably be a high index

of smoltification. The regression curve in Figure 10 suggests that we

could expect fish >175 mm to have Na+-K+ ATPase values >15.

On the basis of this information, approximately 50% of the Group II

steelhead would have been smolting between the sixth period and release

(Figure 11).

Plasma electrolytes.--Data for Group II (Table 12) suggest that

average plasma Na+ and Cl' values were well within the suggested

ranges, but that some individual values were below the expected low in some

periods. Mean plasma K+ levels were (as in the Dworshak NFH steelhead)

erratic, Lower than the expected low range, and lower than in 1978 or 1979

(Table 10). Mean plasma Na+ reached an apparent peak early in April and

mean plasma Cl' reached a minimum decline at the same time (Table 12).
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-K ATPase activity on average fork

length of steelhead iGroup II) in the sixth sampling period (3 fish
pools for each Na -K ATPase analysis), 2 May 1980 (Tucannon
Hatchery). r = 0.800; P < 0.05.
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Figure 11 .--Histogram of length-frequencies of Group IL Tucannon Hatchery
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These high and low peaks also occurred at the same time for Group I

(Table 11).

Plasma electrolytes of Group II could not be correlated with water'

temperature or Na+-K+ ATPase activity, but mean plasma chlorides were

significantly correlated with mean fork Lengths (Figure 12), and mean

plasma K+ values were significantly correlated with MCHC (Figure 13).

Both plasma K+ and MCHC can be stress indicators.

Hematology.--There were no indications of average hematological

deficiencies in the Group 11 steelhead. Some of the individual hematocrits

and hemoglobins were much higher than any expected values (Table 12),

although not much different from samples collected in 1978 and 1979 (Table

10). Both hematocrits and hemoglobins rose and fell at the same times

throughout the season, with hematocrits reaching a peak just prior to

release (Table 12). There were no significant correlations between average

hematological data and other factors measured, with the exception of

average fork length, which was inversely related to MCHC (Figure 14).

There was no significant correlation between average hematocrit and average

hemoglobin values. However, in four of five sample periods in which

hemoglobin was measured, individual hematocrit and hemoglobin values were

significantly correlated. MCHC averages of steelhead in Pond 4 (Group II)

paralleled those of the-first release (Group I) and then followed a trend

similar to that of the Dworshak NFH steelhead (Tables 3, 11, and 12).

Comments .--A sample of 149 fish from Pond 4 was taken for Length and

weight measurement during transfer to transportation vehicles on the day of

release. The average fork length was 170.2 mm (+17.2), which was not
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significantly different from mean fork lengths of samples collected.for the

health index (Table 12). The average weight was 54.9 g.

Group III (Pond 2, Table 13)

Gill Na+-K+ ATPase .--The Group III steelhead were released on 12

June. The Na+-K+ ATPase profile was parallel to and similar to that of

Groups I and II early in the season, and shifted forward in time

(Figure 8). However , the peak of the average Na+-K+ ATPase values

occurred at the same time and with almost the same intensity as’ the Group

II steelhead on 8 May. This lasted for only 1 week and was followed by a

steep decline. When the Group III steelhead were released, the average

Na+-K+ ATPase value was at its lowest level. It is interesting to note

that the maximum deviations in Na+-K+ ATPase activity in each group

occurred at the peaks (Figure 8). Average fork lengths of Group III fish

sampled during the last week of peak Na+-K+ ATPase activity (16 May)

were not different from average fork lengths of Group I (10 April) or Group

11 fish (7 May) at release, and the average size of Group III at release

(12 June) was almost identical to Group II (7 May) at release (Figure 7).

The additional month of rearing time for Group III did not improve growth,

and may have resulted in a post-smolt condition and reluctance to migrate.

If gill Na+-K+ ATPase activity can be considered one of the

criteria for smolt indexing, then Group III fish were probably smolting

during the week that the Group II fish were released. Note that elevated

Na+-K+ ATPase activity in both Groups II and III had a high frequency

of occurrence on 7 May, and Group III had a low frequency of occurrence by

12 June (Figure 15).
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We could find no significant correlations between average gill

Na+-K+ ATPase values and averages of other factors measured throughout

the sampling periods (including water temperature). However, like Group II

steelhead, there was a progressive increase throughout the spring in

correlations between average Na+-K+ ATPase values and corresponding

fork lengths for any one period (Table 16). Furthermore, these correlation

coefficients reached the most significant levels on 2 May for both Groups

II and III, a n d  from that point on declined rapidly. This would indicate

that on 12 June, a depressed Na+-K+ ATPase average for the population

was not caused by the influence of larger post-smolted  fish, and that all

size groups had entered a post-smolt condition.

Plasma electrolytes.- Data (Table 13) for Group III (Pond 2) suggests

that average plasma Na+ and C1- were also (as with Group II) within

expected values, but that some individual samples fell below the expected

Levels in certain periods. Non-hemolyzed average plasma K+ values were

(again) Lower than expected. Mean plasma Na+ and Cl- reached their

first maximum divergence on 4 April (Table 13), which was also the time of

maximum divergence for the first two groups. There was a maximum

convergence 1 month later (2 weeks later than Group II), followed by

another (greater) maximum divergence in early June. The mean plasma K+

and Na+/Cl- ratios followed the same cyclical pattern as Group II.

Mean plasma electrolyte values for the Group III steelhead could not

be correlated with water temperature or mean Na+-K+ ATPase values.

There was a positive correlation between average plasma Na+ values and

average fork lengths for Group III (Figure 16); whereas in Group II, it was

the average Cl- that was correlated to size. This suggests a time or

3 1 9



Table 16.--Correlation  coefficients between Gill Na+-K+ ATPase values for each
sampling period, and average fork lengths of Tucannon Hatchery steelhead
used to provide gill samples in 1980 from Group III (Pond 2).

Item 1 2 3 4
Period

5 6 7 8 9 10 11

Correlation
coefficient

(DF=8) 0.26 0.45 0.43 0.03 0.45 0.87dO.79i-d 0.32 0.6421 0.37 0.30

a/ P<O.OOi

b/ P<O.Ol

c/ P<0.05

3 2 0
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Figure 16.--Regression of average plasma Na+ on average fork lengths for Pond 2
(Group III) Tucannon Hatchery steelhead; spring 1980. r = 0.723;
P < 0.05.
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seasonal dependence on these correlative factors. Conversely, MCHC and

plasma K++ were again positively correlated (Figure 17) as in Group II,

throughout the season, suggesting that these values are reflections of any

factors that might induce stress.

The combination of a sharp decline in gill Na+-K+ ATPase activity,

elevation in water temperatures, and elevated plasma K+ and MCHC values

(indicating increased levels of stress), at the time Group III fish were

released warrants rating the probable emigration and eventual return (as

adults) much lower than Group II.

Hematology.--There were no indications of average hematological

deficiencies in Group III steelhead. However, there was a small number of

fish with either slightly depressed hematocrit values or values much higher

than previously reported (Table 13). Average hematocrit and hemoglobin

values as well as the mean cell hemoglobin concentrations rose and fell in

much the same cyclical pattern, and at the same times as those in Group II.

There were no significant correlations between the average hematocrit and

hemoglobin levels, but in five out of eight samples the individual values

were significantly correlated. In Group III steelhead, there was a

significant positive correlation between average hematocrits and water

temperature (Figure 18). This is inverse to the relationship found in

Dworshak NFH steelhead (Figure 5), and suggests that changes in basic

hematology in healthy hatchery steelhead may be a reflection of many

factors.

Comments. --A subsample of 108 fish from Group III (Pond 2) were

measured separately by sampling during transfer to hauling trucks on 12

3 2 2
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June. The average fork length was 169.2 mm (+17.7 mm), which was not-

significantly different from the samples taken for health surveys on the

same day (Table 13).

Group IV (Pond 5, Table 14)

Time constraints did not allow sampling this group as frequently as

desired. However, summary data for Group IV (Table 14), and Figures 7 and

8 indicate that at release time (30 May), these fish were significantly

smaller than any other group and had the lowest average gill Na+-K+

ATPase values. Other parameters measured were within expected ranges.

However, the data collected indicate that this Group (IV) would not be

expected to emigrate or to return from the sea as well as Group II.

Summary of the Tucannon Steelhead

IFAT-BKD.--Limitations in sampling the usual 60 fish from each pond on

a serial basis at the Tucannon Hatchery do not provide a good statistical

base for estimating the incidence of BKD infection in the populations.

Therefore, the data are presented here primarily to indicate that the

incidence and intensity of infection were low (Table 17).

The greatest incidence occurred in Group III (late release) steelhead

(21.7%), but the intensity of infection was still low, at between 1 and 7

(more frequently 1 to 2) organisms/l50 microscopic fields (mf) examined.

Therefore, BKD would not be expected to affect differential survival of

these groups.

Histopathology.--Detailed summaries of the pathological conditions

observed in each pond are presented in Tables 18, 19, and 20. For
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Table 17. --Rate (%) and intensity of infection of BKD organisms found in the
anterior and/or posterior kidneys of Tucannon Hatchery steelhead by IFAT
during the 1980 sampling periods.

Period
3 7 11

Date 4 April 7 May 12 June

% of samples infected

Group I (Pond 1) 0.0% (Released)
(N=20)

Group II (Pond 4) 20.4%
(N=20)

6.7% (Released)
(N=30)

---

Group III (Pond 2) 5.0% 3.3% 21.7%
(N=20) (N=30) (N=60)
-em --- e-e

Pooled 25.4% 10.0% 21.7%
(N=60) (N=60 > (N=60)

Range of intensity 1 to 15 1 to 2 1 to 7
(as no. of organisms/
150 microscopic fields)
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Table 18. --Pathological conditions observed in 1980 Tucannon Hatchery steelhead and
their percentage of incidencea/ (Group I, Pond 1, n = 20)
(3rd period--released 4 April).

Organ Incidence (%)
and Severity.!?/

pathology I II III Total

Eye

Skeletal muscle lesions 35.0 0 0 35.0

Retrobulbar fat lesions 0 5.0 0 5.0

Gills

Increased numbers of
lymphocytes 65.0

Epithelial cell
formation 40.0

20.0

45.0

0

10.0

85.0

95.0 .

Olfactory sac

Focal mononuclear cell
infiltration 20.0 20.0 0 40.0

a/ Brain tissue was processed and examined for all specimens, and there was no-
evidence of any pathology.

bl I-recognizable (least severe); II-intermediate; III-severe.
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Table 19.--Pathological conditions observed in 1980 Tucannon H a t c h e r y  steelhead a n d their
percentage of incidence Zi (Group II; Pond 4; 3rd period--released 4 April,
n = 20; 7th period--released 7 May n = 30).

Organ Incidence (%)
and  Severity

pathology I II III Total I II III Total

be

Skeletal muscle

lesions

Gills

Increased numbers
of lympocytes

Epithelial cell
formation

Vascular
telangiectasis
of secondary
lamellae

Bacteria present

Olfactory sac

Focal mononuclear

25.0 0 0 25.0 80.0 0 0 80.0

50.0

40.0

10.0

0

5.0

50.0

55.0

90.0

60.0 40.0

23.3 63.3

0 100.0

13.4 lOO*O

0 0 23.3 0 0 23.3

0 0 3.3 0 0 3.3

cell infiltration 25.0

Pyogranulomatous
inflammation 5.0

5.0 0 30.0

0 0 5.0

56.7 40.0 0 96.7

0 0 0 0

a/_ Brain tissue was processed and examined for all specimens, and there was no evidence of
any pathology.

b/ I-recognizable (least severe); II-intermediate; III-severe.
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I cr~ta~~~y;~~a~ CUIKULLUIW  vvserved  In IYOU Lucannon naccnery Sceelnead and their percentage
of incidence a/
7 May, n = 30;

(Group III; Pond 2; 3rd period--released 4 April, n = 20; 7th period--released
11th period--released 12 June, n = 60).

Organ
and

pathology

Incidence (X)
Severity&f Severity

I II III Total
Severity

I II III Total I II III Total

Eye .

Skeletal muscle
lesions

Gills

Increased numbers
of lympocytes

Epithelial cell
formation

Lymphatic
telangiectasis
of secondary
lamellae

Vascular
telangiectasis
of secondary
lamellae

Acute focal
hemmorhage

Olfactory sac

25.0

45.0

35.0

0

5.0

15.0

Focal mononuclear
cell infiltration 30.0

10.0

30.0

50.0

5.0

5.0

5.0

10.0

0

0

5.0

0

0

0

0

25.0 80.0 0

75.0

90.0

5.0

10.0

20.0

40.0

76.7 16.7

56.7 36.7

6.7 0

0 0

0 0

76.7 23.3

0

0

0

0

0

0

0

80.0 70.0 0 0 70.0

93.4 30.0 68.3 0 98.3

93.4 43.3 46.7 6.7 96.7 '

6.7 0 0

0

0

100.0

0 0

0 0

40.0 58.3

0

0

0

0

0

0

0

98.3

ai Brain tissue was processed and examined for all specimens,-
any pathology.

and there was no evidence of

b/ I-recognizable (least severe); II-intermediate; III-severe.



comparative purposes, these data are joined and summarized in Table 9 with

data from the other hatcheries.

Data collected for Tucannon Hatchery steelhead for each pond indicate

comparable tissue pathology for each of the three sample periods. Sample

sizes varied (for each pond) between periods as fish were released.

In the first sample (3rd period; 4 April), there appeared to be little

variation in the types or frequency of occurrence (Table 18) of pathology

found in steelhead from either pond. In the second sample (7th period; 7

May), pathological conditions in the remaining Groups (II and III) were

comparable (Tables 19 and 20).

Comparing combined data for the sampling periods (Table 9) shows

striking increases in the frequency and intensity of pathological

conditions of the eye and olfactory sac, and recognizable increases in gill

pathology after the first sampling (third period).

Since 1980 was the only year that serial samples were collected,

comparisons of tissue pathology between years can only be made for the

first week in May (Table 21). The frequency of occurrence in olfactory sac

pathology doubled between 1979 and 1980, and it is remarkable that the

entire incidence in 1979 was due to ciliated protozoan parasites whereas

none were found in 1980. The frequency of eye lesions varied greatly for

all 3 years, and gill pathology markedly increased after 1978.
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Table 21.--A summarized comparison of the frequency of occurence  (%) of
tissue pathology observed in Tucannon Hatchery steelhead the
first week in May of 1978, 1979, and 1980.

Tissue 1978
Year
1979 1980

Eye 57 2 80

Olfactory sac a/- 54 97

Gill

Lymphoid 23 100 97
Epithelial 32 100 98

al Not available.-

Hatchery records. --Information provided by the hatchery (Table 2),

indicated that Formalin and malachite green (MG) were used to control

periodic parasitic infestations. Our own field notes indicate that on 18

April 1980, a 24-hour 25 ppm Fromalin drip treatment was started on Group

II fish, followed shortly thereafter by a treatment with MG. Hyamine was

used at 2 ppm for 20, 40, and 60 minutes on 29 and 31 May and 1, 7, and 8

June 1980 to control a light myxobacterial infection of the gills (Group

III). Group III was also fed a TM-50 diet from 2 June to 12 June 1980.

Genreal comments.--Group IV, smallest of the Tucannon steelhead in

1980, averaged 35 to 40 mm shorter than any other group at release time

(Figure 7), and was below normal in average gill NA+-K+ ATPase values

(Figure 8). Although other data for this group are not available, the

below normal size and Low average Na+-K+ ATPase values indicate that
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survival and returns from this group will be low. Field notes indicated

that fish over 150 mm in fork Length appeared smolted.

Our field notes of visual observations indicate that most fish in

Groups II and III below 170 mm in fork length were still parred in

mid-April, and by the first week in May, Group II was smolting rapidly,

with Group III about 1 week later. By mid-May, steelehad greater than 163

mm (+3 mm) in fork length in Group II appeared smolted.--

Key physiological indicators of migratory readiness, gill Na+-K+

ATPase and plasma Na+ and Cl-, were in the smolt indicating segments of

their respective profiles between the first and third weeks in May for

Group III fish. By the t i m e  of release, these indications had

disappeared, and there was a sharp increase in possible stress indicators,

plasma K+ and MCHC. Although the incidence of tissue patholgoy did not

increase between May and early June, the requirements of additional

therapeutic treatments could increase the stress factors for Group III. The

analyzed data indicate that Group III fish were probably in a post-smolt

condition (regardless of size) by 12 June, and that all of these factors

will have a negative influence on their survival and return. Correlations

between fish size and gill Na+-K+ ATPase at the time of release were

poor, and no prognosis on percentages of expected migration should be made.

Group II fish represented the normal early May release (as in 1978 and

1979), which, in 1980, occurred at the probable peak activity of one of the

main smolting indicators, gill Na+-K+ ATPase (Figure S), but about 3

weeks after the maximum deviation of plasma Na+ and CL' (Table 12).

Stress indicators (Pl asma K+ and MCHC) were low at release and good

positive correlations between gill Na+-K+ ATPase and fork lengths just
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prior to release suggest that at least 50% of the group were in a good

state of migratory preparedness.

There were no correlations for the earliest Group (!) released between

gill Na+-K+ ATPase and other parameters measured that would aid in

prognosis of comparative survival or expected smolt indexing, but it is

quite clear that their physiological condition was much different than

Group III fish at release. In Group III (12 June), mean Na+-K+ ATPase

activity (Figure 8) and variance (Table 13) was low, indicating that

regardless of size, the fish were in a post-smolt condition. However, in

Group I, at release (10 April), the mean Na+-K+ ATPase was elevated

(Figure 8), and the variance was large (Table 11). The lack of correlation

between fish size and Na+-K+ ATPase suggests that smolting was occuring

regardless of size. We indicated that over 80% of the normal release Group

(II) samples (Figures 10 and 11) and 90% of Group I samples (Figure 19) had

Na+-K+ ATPase values greater than 10 at the time of release (7 May).

Furthermore, plasma Na+ had reached maximum and plasma Cl- had reached

minimum values at the time of release (Group I, Table 11). The incidence

of any tissue pathology was lowest in Group I at time of release (Tables 9

and la), and average size was quite close to that of other major release

groups (Figure 7). All of these factors combined suggest that the ear&y

release group may have had a fair migratory development.
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RESULTS AND DISCUSSION OF SPRING CHINOOK SALMON SURVEYS

General

Leavenworth National Fish Hatchery

Two sampling trips to Leavenworth NFH were made in late 1979

(Table 22) primarily to test procedures and to sample during a fall marking

test. We began collecting full data in March of 1980, and sampling

continued into early June. Until early April, the fall-mark group was

cultured in colder (Icicle Creek) water. For example, on the first trip in

March, water temperature was 3.O"C for the fall-mark group and 6.1"C in the

other ponds.

There were 16 different tagged groups that were released under varying

conditions between 17 April and 1 May 1982, the bulk of which were released

between 24 April and 1 May. Data collected primarily from one normal pond

(817) and the fall-mark group in Late 1979 are presented in Table 22.

Sampling period days are presented with 1 January 1980 as Day +l and

31 December 1979 as Day -1 to simplify computer programming, and are

presented in Table 22 along with the calendar dates for each sampling

period. In the fifth period (23 April), samples were collected from Pond

17 and other test groups primarily for Na+-K+ ATPase analysis, and

these data are presented elsewhere. Sample sizes were reduced to 30

fish/test group in this period.

Figure 20 shows the water temperatures measured at the hatchery at

each sampling period in 1980. Temperatures between November 1979 and March

1980 are not shown.

Leavenworth NFH spring chinook salmon were not used for homing

experiments in 1978 or 1979, but they were included in a smolt evaluation
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1.3-8.3

14.7 16.2 15.4 16.1
(1.8) ( 2 . 3 ) ( 3 . 2 ) (2.6)

10.8-18.8 11.0-21.2 6 .7 -25 .6 8.9-22.4

155.2 155.6
(8.1) (7.7)

134-l 65 140-185

143.4
(11.0)
85-J 59

136.8
(10.9)
104-I  56

0.88 0.47
(0.66) ( 0 . 2 5 )

0.20-2.70 0.21-l .06

0.96 1.99
(0.88) ( 1 . 2 3 )

0.15-4.04 0.21-4.8

134.5 129.1
( 7 . 4 ) (11.8)

i5.0-145.a 103-169

118.7 130.4
(10.3) ( 9 . 4 )
87-l 35 112-155

1.16 1.21
( 0 . 0 3 ) ( 0 . 1 0 )

1.10-1.21 1.07-J .56

1.23 1.05
(0.10) (0.10)

1.02-J  .61 0.74-1.29

13.7 13.2 10.1
(1.6) (3.1) ( 3 . 3 )

11.5-15.8 7 .3 -19 .4 4.6-15.1

&/ Days>Jal  : The number of  days post 1 January 1980 that the samplinR  period represents.
k/ Temp.-‘C: Uater temperature (in degrees C.) measured for  that period.
c/ Avg.  Fk Ln:  The average fork length ( in mil l imeters)  of  al l  f ish measured for  that period.
d/ Avg.  ATP Fk Ln:  The average  fork lenp,ths  of  f ish used for  the gi l l  ATPase  measurements for  that period.
~1 Avg.  Atp: T h e  average  qill  ATPase l e v e l s  f o r  t h a t  period. (Na+- K+ ATPase a c t i v i ty  in  U m o l e s  Pi/mg p r o t e i n / h o u r . )
/ A v g .  Hct: The average hematocrics  for  that period (2 packed cel ls) .
g/ AVE.  lib: The average hemoalobins  for  that period (in g/dl).
h/ Avg. HCHC: The mean corpuscular hemoglobin concentrations (lib/&t  x 100)  averaged for that period.

$ :v’,“:  t&y: T h e  average  plasma  s o d i u m  f o r  t h a t  period  (in meqll).

k/ A v e .  C l - :
The averaxe plasma potassium for that period (in meq/l).

I/ Na+/Cl-:
The averaea  olasma c h l o r i d e  f o r  char period  (in meq,l).
Ihe ratios  of the plasma s o d i u m  t o  c h l o r i d e s  for t h a t  oerfod. avPrncx-4.
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study (Anon 1979; Prentice et al. 1980). Mean fork lengths of samples

collected  from the various test groups released during the fifth period (23

April) ranged from 121.9 to 134.6 mm (Table 23). There was a significant

difference (P = 0.02) between mean length of the fall-mark group (II) and

the controls (III) in 1980 (Table 23). Mean lengths of samples collected

at release were 138 and 139 mm in 1978 (25 April) and 131 mm in 1979 (24

April).

Gill Na+-K+ ATPase

In 1978, gill Na+-K+ ATPase values peaked in early April,

stabilized through April, and began a gradual decline in early Yay

(Figure 21, Anon 1979). The profile in 1979 was almost identical to that

of 1980 with the exception of a temporary decline in 1980 the first 3 weeks

in April (Figure 21). The range of values was similar for the 3 years. In

1980, the releases were ongoing during the period of maximum Na+-K+

ATPase rise (Figure 21). Manipulations of water temperatures (by mixing

Icicle River water and well water) and/or changes in ponding procedures may

have had some effect on the Na+-K+ ATPase profiles between years.

The summary gill Na+-K+ ATPase data collected shows substantial

differences in mean values among the various groups at the time of release

(Table 23). There was a significant difference (P = 0.006) between mean

Na+-K+ ATPase values of Group III (considered controls), and means of

Group I (by-pass channel Group); between Groups III and II, the fall-mark

group (P = 0.013); and between Groups III and IV, the channel control

(P = 0.0000).

We also examined relationships between mean fork lengths of pooled

fish used for Na+-K+ ATPase analysis and gill Na+-K+ ATPase values

3 3 8



Table 23.--A summary of basic data collected from representative samples of various
release groups of Leavenworth Hatchery spring chinook salmon (23 April 1980).

Parameter T
Representative Group
TT TTT

L II LLL IV

Fork length
Means
S.D.
Range

N

Hematocrits
Means
S.D.
Range

N

Gill Na+-K+ ATPase
Means
S.D.
Range

N

130.0 121.9
(13.1) (14.2)
113-168 102-156
(30) (30)

41.4
(6.4)
23-50
(29)

10.3
(2.3)

7.4-15.9
(10)

31.1
(9.1)
3-43

(26)

(X,
7.3-13.7
(10)

129.1 134.6
(8.7) (14.6)

112-152 116-180
(30) (30)

39.6 34.2
(5.7) (7.1)
25-50 13-46

(28) (28)

11.1
(1.8)

5.7-10.6 8.8-15.7
(10) (10)

t = Typical bypass channel test group.
II = Fall-mark group (Pond 46).
III = Normal (Pond 17)
IV = Channel control group.
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at each sampling as a possible source of group differences in Na+-K+

ATPase values. However, the only significant correlations were in the

control fish (Pond 17), which occurred during periods of maximum gill

Na+-K+ ATPase increase, 23 April to 28 April (Table 24). Length data

for the fish sampled for Na+-K+ ATPase are shown in Table 22 and

profiled in Figure 22.

There was a significant correlation (P < 0.05) between the mean fork

length of fish collected for Na+-K+ ATPase analysis in Pond 17

(control) and the mean gill Na+-K+ ATPase during the 1980 sampling

period (Figure 23). Since there was also a significant correlation between

the mean fork lengths of pooled fish and measured Na+-K+ ATPase values

during the April 23-28 period in normal fish (Pond 17) (Table 24), and this

period was one of maximum Na+-K+ ATPase increase, the data in Figure 21

suggest that fish with Na+-K+ ATPase values of 10.5 or more should have

been smolting at the time of release. A regression analysis of samples

from the fifth and sixth sampling periods are shown in Figure 24. Since

most of the fish were released between 23 April and 28 April, a theoretical

regression line of gill Na+-K+ ATPase and fork lengths typifying this

period has been drawn in. It suggests that any fish 5 132 mm

(Na+-K+ ATPase of 10.5) should have been smolting. The percentage of

fish with gill Na+-K+ ATPase 3 10.5 increased from 10 to 78X, and

the percentage of fish 5 132 mm increased from 37 to 45% between 23

April and 28 April. On the basis of this information, it would be

reasonable to assume that between 40 and 50% of the normal (control)

release groups were probably smolting at the time of release. Although

fork lengths and gill Na+- +K ATPase values in the other marked release

3 4 1



Table Zb.--Correlstion  corfflcipllLs  For ~1 I I NO’-KC ATPnse, fork  leIlgth, and  hcmaLolo~Ica1  psremetern  f o r  1980
Leaveuworth  H a t c h e r y  mpr111g  chlwok  salmm.

Sampling 1980 program
2 3  A p r i l group

Parsmeters 313 3117 3131 4114 I II III IV 4128 5112 5129 b/l7- _

-0.070
58

0 .123
58

-0. 19 5
57

0 .299
St3
<0.05

0 .150
27

0.3Ob
26

-0.309
58
<o.n5

0.002
57

-n.o5i
58

-0.121
58

0.891
58
<O.OOl

0 .073
58

0.416
57
<0.005

0 .364
57
<o.n1

0.876
57
<o.nol

0.868
5R
co.001

-0.615 n.363
24 26
<o.nol

0.878
58
<n.n01

0.882
57
(0.001

n.n32
57

n.417
5R
<o.n05

0.163
58

0 .160
58

0.761 n.894
5tl 5a
co .nol <n.noi

n.053 -0.135
58 58

0 .310
58
<0.05

0 .264
57

0.456 0 .335
57 sa
<o.nol <0.02

0.342
5a
<o .02

0.128
58

-r).Obl
5R

0.295 0.197 0 .109 0.527
a a a R

-0 .254
a

- 0 . 3 2 3 0.700
a R

<o.wi

0.34b
a

0.729
R

<o.o2

0.364
57
<n.ni

-n.345
R

-0 .475
a

0.3R4
a

-0.020 0.497 0 .112 0.072 -0.010 0.211 0 .453 0. I46 -0.471 0 .496 0.045 -0 .524
a R R fl a R 8 R A 8 a 8

0 .156 0.2a5 0.095 n.290
R a a R

-0 .325
R

n. 298
R

-n.hoh
a

0 .334
a

-0.054
R

-n.n20
a

0.483
R

n.5ol
R

0.212
R

-0 .415
R

0.364
R

-0 .573
a

L n  x Hct
D.F.

P

H c t  x Hb
D.F.

P

Ln x Hb
D.F.

P

LIl x HCHC
D.F.

P

Mfl x ATP
D.F.

P

HHct x ATP
0 . 7 .

P

Mtib  x ATP
D.F.

P

HCHC  x ATP
D.F.

P

Nomenclature:

F k  Ln = f o r k  length
llct = hematocrit
llh = hemo,glohiu
HCNC  = mean  ccl 1 hemoplohin  cor~cenlrslio~r
Mfl = m e a n  f o r k  lengths  f o r  Lhe 3  f i s h  p o o l s  tIned  fnr ATPitse
met = meal, hemstocttts  for t h e  3 fish pools  used  f o r  ATPase
Hllh = mean  hemoElohins  f o r  t h e  3  f i s h  used f o r  ATPase
PICfK  x ATP = averaRe  meat,  cell hemoplohln  cowentratlolr  f o r  t h e ) tlsh pools  used f o r  ATPase
ATP = Na+-K+  ftll ATPase v a l u e  f o r  e a c h  p o o l  o f  3  F i s h
D.F. = degrees of  freedom
P - probability

3 4 2
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groups could not be correlated, Na+-K+ ATPase values 5 io.5

ranged from 30 to 50%. On the basis of this information, we suggest that

there may have been differences in the migratory readiness of the normal

(Pond 17) and other marked groups.

Plasma Electrolytes

There are few published data on normal plasma electrolyte levels in

hatchery chinook salmon. Table 25 is a summary of the mean plasma Na,+

Cl-, and K+ values from chinook salmon that we examined previously.

The exceptionally high K+ values in the Kalama Hatchery spring chinook

salmon may be due to hemolysis that occurred after sampling.

Mean plasma electrolyte values for Leavenworth NFH spring chinook

salmon sampled in the spring of 1980 were generally within expected ranges

throughout the season and at the time of release (Table 22). Average

plasma Na+ reached peak levels at the time of release and declined

rapidly from mid-May on (Table 22). Average plasma Cl- values were

somewhat more erratic, but followed the same general decline as mean plasma

Na+. Maximum deviation of plasma Na+ and Cl- (Na+/Cl- ratio)

occurred just prior to and after the release period (Table 22).

Significant correlations between individual plasma Na+ and CL'

occurred frequently throughout the sampling periods (Table 26), and were

highly significant (P < 0.001) between the sixth and eighth periods (28

April through 29 May). There were significant negative correlations

between the plasma Cl' and the Na"/Cl- ratios (Table 27) throughout

the sampling season (with one exception; the sixth period - 28 April), and

they were most highly significant (P < 0.001) throughout May. This is a
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Table 25 .--Mean values of plasma Na+, CL-, and K+ from other samplings of
hatchery chinook salmon.

Millequivalents/1

Sample Na+ C1- K+

1978 Kalama Falls Hatchery spring chinook
salmon (at release) 137 116 11.92/

1978 Kooskia Hatchery spring chinook
salmon (at release) 114 104 ---

1978 Leavenworth Hatchery spring chinook
salmon (at release) 150 108 1.7

1979 Leavenworth Hatchery spring chinook

March 158 129 3.0
At release (Late April) 149 125 0.8

June 148 130 2.3

1979 Carson Hatchery spring chinook
salmon (at release) 146 134 3.7

a/ These were abnormally high potassium values,- and may have been due to some
hemolysis of the samples.
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Table 26.--Correlation  coefficients between plasma Na+ and C1- for each sampling
period in 1980 for Leavenworth Hatchery spring chinook salmon.

Item 1 2
Period

3 4 6 7 8 9

Correlation
coefficients 0.64ti 0.10 0.6Ej 0.03 0.91a/ 0.55&i 0.49d 0.18

a/ Significant (P <0.05)

Table 27.--Correlation coefficients between plasma C1' values and individual
Na+/CL- ratios for each sampling period in 1980 for Leavenworth
Hatchery spring chinook salmon.

Item 1 2
Period

3 4 6 7 8 9

Correlation
coefficients -0.605/ -0.5521 -0.7021 -0.82&l -0.21 -O.& -0.82Zj -0.5d

a/ Significant (P <O.OS)-
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reflection of a rapid decline in plasma CL-, and coincides with a period

of peak gill Na+-K+ ATPase activity (Table 22).

Mean plasma K+ values (Table 22) were frequently Lower than reported

values that we have available (Table 25), but again this may be a

reflection of our hemolysis ranking program and/or stresses induced by

transporting in 1978 and 1979. Mean plasma K+ values peaked just prior

to release and then declined until mid-May. Increases in mean plasma K+

after mid-May may be due to holding the fish past the normal time of

migration and a reflection of smolting stresses and increasing water

temperatures. Plasma K+ was the only electrolyte that we could

significantly  correlate with water temperature (Figure 25).

Hematology

Unpublished data from salmon diet studies in Oregon indicate expected

mean hematocrits for spring chinook salmon ranging from 24.2 to 38.0% and

35 to 39% for fall chinook salmon. Published data on small fall chinook

salmon fingerlings (Banks et al. 1971) indicate that hematocrit and

hemoglobin values increase as the water temperature increases (Table 28).

Mean values of fall and spring chinook salmon sampled in 1978 and

1979, with one exception, ranged from: (1) hematocrits--34.9 to 59.4% and

(2) hemoglobins--5.2 to 8.9 g Hb/dL blood. The one exception was a group

of yearling fall chinook salmon in 1979 at Willard NFH with mean

hematocrits of 26.5% and mean hemoglobins of 3.2 g Hb/dL blood. Over 56%

of the samples from these fish were classified as positive for bacterial

kidney disease (BKD). Hematocrit values below 28% in Pacific salmon may be

indicative of a number of health problems and should signal a cautionary

warning.
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Table 28.--Hematocrit  and hemoglobin values of fall chinook salmon cultured
for 4 weeks at four water temperatures. Average weights of the
fish were 3.2 to 4.0 g (from Banks et al. 1971).

Rearing Number Hematocrit (X) Hemoglobin (g/100 ml blood)
temperatures of

("C) fish E Range x Range

10.0 10 32.2 29-36 5.4 4.5-6.3

12.7 10 35.8 31-40 5.4 4.8-6.4

15.6 10 37.6 32-43 5.9 4.9-6.8

18.3 10 38.9 35-46 6.4 5.4-7.3
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Profiles of mean hematocrit and hemoglobin values are compared to a

profile of the water temperatures (Figure 26). Note that there was a

general decline of both hematocrits and hemoglobins throughout the spring

of 1980. This is the same pattern noted in Dworshak steelhead (Table 3),

but opposite to that of the Tucannon steelhead (Table 13). Negative

correlations of hematocrits and hemoglobins to water temperature were as

highly significant for Leavenworth spring chinook salmon as positive

correlations in smaller fall chinook salmon found by Banks et al. (1971)

cultured under controlled temperature conditions (Figures 27 and 28).

Although hematocrit values, gill Na+-K+ ATPase, and fork lengths

frequently could not be correlated on any specific sampling period, there

were significant correlations between mean values for each period

throughout the season (Table 24). However, these may still be coincidental

seasonal adjustments of populations, and mean fork Length, hematocrit, and

Na+-K+ ATPase may not be directly dependent upon each other.

Correlations between individual hematocrit and hemoglobin values were

highly significant in Leavenworth NFH spring chinook salmon in both winter

and spring (Table 24). This correlation was also highly significant for

the mean hematocrit and hemoglobin values (Figure 29). Data indicate

that hematocrit data alone could be used to accurately predict hemoglobin

values for Large sample sizes.

Mean cell hemoglobin concentrations (MCHC) of Leavenworth NFH spring

chinook salmon peaked in Late March, and were at a Low Level throughout

April, a probable indication that the fish were not stressed at the time of

release (Table 22). Average MCHC values could not be correlated with other

stress or smolting indicators.
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IFAT-BKD

Specimens of Leavenworth NFH spring chinook salmon from the first,

third, and sixth sampling periods of 1980 were examined for the presence of

BKD organisms by the Indirect Fluorescent Antibody Test (IFAT).

The data in Table 29 indicate a major increase (from 2 to 80%) in the

percentage of samples positive for BKD in March followed by a decrease just

after release in late April. Although the incidence of BKD was high, the

intensity of infection ranged from very light to light, and it appears that

BKD is not a serious threat to this stock. Our field notes indicate that

of approximately 700 fish that were examined internally at Leavenworth NFH

in late 1979 and early 1980, only 10 (approximately 1.4%) had BKD type

lesions visible to the naked eye. We did note that 6.7% of the fall-marked

fish sampled on 23 April (release) had BKD type lesions in the kidneys.

Table 29 .--Incidence of BKD organisms and relative intensity in the kidneys
of Leavenworth Hatchery spring chinook salmon sampled in 1980.

Range of intensity (no.
% of samples positive for BKD of organisms/l50

Period Date Anterior Posterior Both Total microscopic fields)

1 3 March 1.7 0 0 1.7 4

3 31 March 53.3 61.7 35.0 80.0 1 to 34

6 28 April 28.6 53.6 17.9 66.1 1 to 16

Histopathology

A detailed summary of the pathological conditions is presented in

Table 30. For comparative purposes, these data are further summarized with

data from other hatcheries in Table 9.
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At or near release, Leavenworth NFH spring chinook salmon were

characterized by marked decreases in pathological conditions of gill and

olfactory sac tissues (Table 30). Types and severity of Lesions

encountered were Low, and no evidence of parasitic activity was found in

either the gills or olfactory sac.

In addition to microscopic examination of tissue by the veterinary

pathologist, we made notes in the field of any macroscopic Lesions observed

in the various organs from the 700 or more fish examined. One precocious

male was noted, and it showed symptoms of nephrocalcinosis; eight fish were

noted to have clinical symptoms of BKD (exophthalmos, kidney Lesions); one

Lesion of the spleen; one Lesion of the Liver; two fish with ascites, and

one with Lesions of the posterior air bladder. This is roughly 2% of the

total samples examined.

Summary

Serial sampling of Leavenworth NFH spring chinook salmon in Late 1979

and early 1980 indicated that general fish health was excellent, and may

have actually improved (over March) by the time of release in Late April.

Water temperatures at this time had declined temporarily (Figure 20), which

would have reduced handling stresses. A comparison of gill Na+-K+

ATPase curves between 1980 and two other years indicated that a typical

pattern developed, and the bulk of the fish were released on an actively

rising profile (Figure 21). Comparisons made at the time of release

demonstrated that mean hematocrits were significantly  Lower in the fall

mark group and channel control groups than in fish from Pond 17, and that

mean gill Na+-K+ ATPase values were significantly  higher for all other

release groups tested when compared to Pond 17, the normal groups (Table
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23). Since Pond 17 fish were used to determine the seasonal Na+-K+

ATPase profile, the conclusion is that all test groups were at or rapidly

approaching peak Na+-K+ ATPase Levels. Significant correlations

between gill Na+-K+ ATPase and mean fork lengths enabled us to estimate

that at Least 40 to 50% of the samples were probably smolting during the

release period. Smolting activity probably continued at a high rate in the

released fish. A peak Na+-K+ ATPase activity coincided with rapidly

declining plasma CL' and mean hematocrit values 'after 28 April and

increasing plasma K+ and MCHC in fish held after release (Table 22).

These events also coincided with a sharp increase in water temperature.

ALthough holding the fish slightly longer might have produced more smolts,

it might have been with some risk as indicated by increased stress

indicator values (K+, MCHC).

Histopathology and BKD analyses indicate that the incidence of

combined Lesions of any importance with severities that would call for a

pessimistic prognosis are probably Less than 10%. Reduced incidences of

lesions to the eyes and olfactory sacs and the absence of parasites at the

time of release were also noted.
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General

Carson National Fish Hatchery

We sampled spring chinook salmon from a fall marking test at Carson

NFH in Late 1979 (Table 31), then collected full data from March until the

fish were released between 12 and 15 May 1980. During the sampling time,

the fish were cultured in well water at temperatures of 6' to 7Y

(Table 31). No fish were held over for post-release sampling.

Sampling period days are presented with 1 January 1980 as Day +1 and

31 December as Dayy -1 to simplify computer programming and are presented in

Table 31 with the calendar dates for each sampling period.

The fork Lengths of the fish used in the sampling surveys averaged

132 mm in 1978, 127 mm in 1979, and 117 mm in 1980 at the times of release

in early May.

Gill Na+-K+ ATPase

The gill Na+-K+ ATPase profile in 1980 was characterized by a

gradual increase between the first two periods, followed by a sharp

increase in early April, and probably near maximal activity at the time of

release (Figure 30). Na+-K+ ATPase activities were not followed beyond

release, but comparison with the profiles collected in 1978, 1979, and 1980

(Figure 30) suggests that enzyme performance was spatially and

quantitatively repeatable, which substantiates the probability that in 1980

maximum activity was reached.

There were no significant correlations between gill Na+-K+ ATPase

values in any one period and the average fork Lengths of fish used for the

pooled gill samples. In the first period there was negative correlation

(r = 0.814; P < 0.002) between gill Na+-K+ ATPase and plasma K+; and
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Table 31 .--Summary dala for spring chlllonk salmon samples c:ol lrc.ted ;~t ~ars~,,l 
Nattwal Hatchery 111 late 1979 awi 111 the spr11q of 19Rn, with mea,,s, 
standnrd deviattnns ( ), aud ral~ges. 
12 nav RO. 

Sample siz6 = hn, released 

__ ---- ~__---.-_--_ ~--- 

Period 
Item 

~--_-_ 
A I 2 3 4 ----_ 

Date I1 net 79 4 Mar un 

64 
6.7 

4 Apr Rn I7 Apr RfI 

Days>Ja Ed 
TWllp.“&~ 

Avg. Fk Id 

( RallRe ) 

Avg. ATP FK I.,L?~ 

(Rall~e) 

Avg. ATP!Cf 

(Rau~e) 

Avg. Hctfl 

(RRIIRC) 

AVE. Hh& 

(RRIIRP) 

AVK. MClWh/ 

(Rawe) 

Avg. Nati 

(Rauw) 

AVE. K+i/ 

Avg. Cl-k/ 

(Range) 

Na+/CI-I! 

(RatlEe ) 

-19 
h-7 

94 
6.7 

I(17 

h.7 

93.4 
(5.7) 

79-l I2 

102.6 
(6.9) 

93-l 30 

109.5 
(7.4) 

9lb I 26 

11?.5 
(8.2) 

98-I 37 

--- 
--- 
--- 

ln3.8 
(4.6) 

99-13n 

I III.4 IlZ.ll 
(7.2) (7.8) 

96-I 22 I on-t lrl 

--- 
--- 
--- 

9.5 
(1.7) 
6.7-11.7 

12 .5 Il7.h 
(2.5) (1.1,) 
8.4-I h.ll 14.3-24.2 

36.4 3A.8 47.1 5 I. 1 
(4.7) (4.1) (4.9) (6.6) 

26-4R 28-48 32-55 Ill-65 

CK, 
4.-l-R.7 

17.9 
(2.3) 

Il.h-23.1 

--_ 
--- 
--- 

--- 
--- 
--- 

--- 
--- 
--- 

--- 
--- 
--- 

--- 
--- 
--- 

6.5 
(1.1) 
l.h-R.R 

--- 
--- 
--- 

14. I 
(3.1) 
7.2-26.2 

13.5 
(I .9) 

q.n-21. I 

It-in.4 

(17.4) 
l6n-255 

144.6 
(7.1) 

I ?O- t 54 

151.5 
(7.R) 

l4l-lh7 

2. I6 
(n.94) 

i .n5-4 .ho 

t .fIl 
(n.611) 
0.55-3.35 

132.3 
(9.1) 

ln3-145 

116.7 
(10.2) 

118-l 54 

12H.h 
(17.0) 

I .3R 
(0.19) 
1.17-2.n7 

I .n7 
(n.n9) 
n.94-I .26 

I I I-1 47 Ins-1 10(,,=2) 

I .IR --- 
(fl.Il)) --- 

I .02-l .34 --- 

I32 
h.7 

Ilh.4 
(In.!) 
9R-I 35 

20.4 
(4.1) 

I3.3-27.h 

56.7 
(R.9) 

w-72 

A.2 
(1.h) 
2.4-1fl.h 

14.4 
(2.0) 
R.n-21.2 

141.7 
(23.1) 
89-2 nn 

I .Rh 
(I .40) 
n.57-h.80 

109.5 
--- 

-_____--______- ----__--~----~--------_- 

a/ rhys>.la I : 
represellts. 

The llttmher of days post I .la~wary 19Hn ttt;it the s,lmplllq p~rfod 

h/ Temp.-“C: Watt-r tFmper;ltllre (III dr~re~n C) mc;us~rr(l fnr th;~l purled. 
c/ AVE. Fk 1.11 : The averace fork lewth (in millimeters) of all fish mrasllred for 
that perlnd. 
A/ Avg. ATP Fk 1.11: The average for le.wths of fish wed for lhc gl II ATPase 
measuremcutq for LlxrL pertod. 
e/ AVE. ATP: The weraw ~1 1 I ATPase lrwls for that p~rf~d. (N;~‘-K+ it,.~i~f ty 
irk u moles Plfmg protc=ill/hour. 

f/ AVE. Hct: 
J$ AVE. Ilh: 

Thr averape hemal.writs for that perlnd (X p:tCked ,:t!lls). 

h/ AVE. MCItC: 
The ctverage hemqlohiw for that period (tll p/dl). 

The meal8 corpuscular hemoglobin cowetltratiolls (Ilh/llct x Inn) averaged 
for that period. 
i_/ AVE. Nat: 
If Avg. K+: 

The average plz~smn sodtllm For that period (111 mr,l/l ). 

k/ AVE. Cl-: 
The averaRe plasma potasstrlm for that period (~II mcq/l). 

11 Na+/Cl-: 
The averajir plasma chloride for that period (111 mpq/l). 

The ratio of the plasma sodium to chlorides for that pertod, averaged. 
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in the third period there was a positive correlation between gill

Na+-K+ ATPase and plasma Cl- (r = 0.685; P < 0.05). In the fourth

period (at release), there was a positive correlation between gill

Na+-K+ ATPase and hematocrit values (r = 0.646; P < 0.05). However,

there was no consistency in any of these correlations between periods.

Trends of mean data for the entire sampling period were different.

Mean fork lengths, gill Na+-K+ ATPase values, hematocrits, and

hemoglobins all increased almost linearly throughout the sampling season

(Figure 31), and there was a positive correlation between mean gill

Na+-K+ ATPase and mean hematocrit values (r = 0.975; P < 0.05). AS

mean gill Na+-K+ ATPase values increased, mean plasma Na+ and CL'

values decreased (Table 31). However, there were no significant negative

correlations between mean gill Na+-K+ ATPase values and plasma

electrolytes.

At release, the mean gill Na+-K+ ATPase activity was much higher

for spring chinook salmon from Carson NFH (20.4) than those from

Leavenworth NFH (12.5), and the rate of increase in activity during the

month of April was greater for the Carson NFH fish. The percentage of

Carson NFH fish with gill Na+-K+ ATPase values > 20 went from 40%

in the third period (17 April) to 60% in the fourth (12 May), indicating

that most of the rise in gill Na+-K+ ATPase had taken place (the

highest value in the second period, 4 April, was 16.0). Year to year

consistency of the profiles (possibly influenced by constant water

temperature) plus this quantitative index indicate that at Least 50% of the

fish were smolting at the time of release.
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Plasma Electrolytes

Mean plasma electrolyte values (Table 31) were within expected ranges

at the time of release (Table 25). Plasma Na+ was characterized by

higher than expected values in early March followed by a sharp decline and

leveling off in the expected range near release (Table 31). Plasma Cl-

values declined to their lowest level at the time of release, which

coincided with the peak gill Na+-K+ ATPase values (Table 31). This

further corroborates evidence of good smolting activity at release.

The stress indicators, plasma K+ and the MCHC, did not show sharp

increases at release, and mean values were within normal ranges (Table 31).

Comparison of plasma K+ profiles between Carson and Leavenworth NFH

spring chinook salmon shows a similarity in relative changes and timing

(Figure 32), and suggests that holding the Carson fish beyond the proposed

release dates might have induced a post-smolt stress.

Table 32.--Hematocrit and hemoglobin values for Carson Hatchery spring
chinook salmon at the time of release: 1978-1980.

Hematocrits Hemoglobins
Year Mean S.D. Mean S.D.

1978 44.6 + 11.9 6.9 + 1.6
1979 36.1 T 10.1 5.2 T 1.8
1980 56.7 T 8.9 8.2 + 1.6-

Hematology

Mean hematocrit and hemoglobin values of Carson NFH spring chinook

salmon were much higher at the time of release in 1980 than in previous

years, and were the highest encountered in chinook salmon thus far

(Tables 31 and 32).
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Seasonal mean hematocrit and hemoglobin values of the Carson NFH fish

(Table 31) are almost the reverse of those from Leavenworth NFH (Table 22).

Not only was the trend in Carson NFH fish one of steady increases, starting

from a low in December 1979 (Table 31), but all of the values exceeded

those of 1978 and 1979 as early as April. There were positive correlations

between mean fork lengths and mean hematocrits (r = 0.993; P < 0.05>, mean

fork lengths and mean hemoglobins (r = 1.000; P < 0.05>, and mean gill

Na+-K+ ATPase and mean hematocrits (r = 0.975; P < 0.05). Note that

there were no individual hematocrit values below 30% at the time of

release.

These data are also unique in that they represent major changes in

hematology in a stable water temperature. Unfortunately, 1980 profiles

were not continued for post-release fish, as the significant correlations

of means for lengths, hematocrits, and gill Na+-K+ ATPase values may

prove to be of value for this stock of fish in future years. In Figure 33,

we show that the mean gill Na+-K+ ATPase could be predicted from the

mean hematocrits (in 1980). Since the average growth would (presumably)

continue an upward trend even for post-smolt fish, if the mean Na+-K+

ATPase and hematocrit value declined after smolting, it might be possible

to predict smolting (in this stock) from profiles of mean hematocrit data.

IFAT-BKD

Specimens of Carson NFH spring chinook salmon from the first, second,

and fourth sampling periods of 1980 were examined for the presence of MD

organisms by IFAT.

At release, the percentage of fish in the sample population with

identified BKD organisms was between that of 1978 and 1979 (Table 33).
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Table 33.--The indicence of BKD organisms in juvenile Carson Hatchery
spring chinook salmon from 1978-80 as determined by IFAT.

D a t e

% of fish with BKD bacteria in the kidneys
Anterior Posterior Both
kidney kidney kidneys Total

1978 (at release) -- -- -- 5 0 . 8
(light to
moderate)

1979 (at release) -- -- -- 33.3d

1980

3 March 5.0 5.0 0 10.0
(light)

4 April 8 . 3  1 . 7  0 1 0 . 0
(light)

1 2 May (release) 6.3 6 . 3  2 6 . 6 31.9ai

a/ 25% of the infected fish were classed as "severe" in 1979.-

b/ Only 4% of the infected fish were classed as "severe" in 1980.-
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However, note that there were six times as many fish in 1979 with class III

(severe) infections as in 1980. The significance of this is confirmed by

the excellent hematological record in 1980 fish.

After release in 1980, IFAT-BKD tests were conducted on an additional

25 Carson NFH fish to determine if BKD could possibly affect the sensory

organs. We compared tissue smears of anterior and posterior kidney, hind

gut, brain, behind (and within) the eye, and the olfactory nare and found

that 3 out of 25 (12%) had BKD organisms in posterior kidney ranging from 3

to-35 organisms/l50 microscopic fields (m.f.), and 10 out of 25 (40%) had

BKD organisms in the olfactory nare ranging from 1 to 420/150 m.f.

Histopathology

A summary of the pathological conditions observed is presented in

Table 34. For comparative purposes, these data are further summarized with

data from the other hatcheries in Table 9. The main characteristics of

this histopathological profile of the Carson NFH were a decrease in lesions

of the eyes and increases in gill lesions. There was a pronounced

decrease in gill lesions of intermediate (class II) severity from the

earliest part of the season, which may have resulted from early disease

treatment. Lesions of the olfactory nares were consistently high

throughout the four sampling periods and were almost four times the rate

of 1979 (Novotny and Zaugg 1981) and almost double the rate of Leavenworth

NFH spring chinook salmon. Although the pathologist's report for the 1979

studies (Novotny and Zaugg 1981) and our IFAT-BKD studies in 1980 suggest

that BKD organisms may be associated with olfactory sac pathology, we have

not completely confirmed this.
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Table  34.--Pathological  conditons  observed In 1980 Carson Hatchery spring  chinook salmon and their  percentage of
incidence&

-.-- ___ -.---_--  ..------_~-_________-

Organ
and

pathology

Incideuw (Z)--- - - -  --
Period  1 Period 2

- - - - -  -----------.--  -~-___ ____
Per I ocl  3 Period 4

(severlty)b/ ( s e v e r i t y ) (severtty) ( s e v e r i t y )
I I I  I I I  To ta l 1 I I III Tota l  I II I I I  To ta l I I I  I I I  Total _

Skeletal  muscle
lesions 82.8 u

Retrobulbar  f a t
LCSlO”S 0 0

Acute  f o c a l
hemmorhage 0 u

Retrobulbar
granulomatous
1 nf lammat  ion 0 u

Hetrobulbar
pyogranuloma  tous
Inf Lammatio” 0 u

Gills

I ncrexed  numbers
of lymphocytes 4 3 . 1  5 2 . 2  u

Epithelial  c e l l
formation 6 5 . 5  31.0 U

Vascular
telangiectasis
of secondary
Lame1  lae 5.2 IJ u

Cl listed
protozoa”
parasl  te

98.2

96 .6  53.3 6.7 U 60. II 21.3 1.7 (1 25.0 46.7 6 .7 U 53.3

5.2 a.3 0 0 8 . 3 3.3 0 0 3 .3 n 0 0 0

0 u u 0

01 factory sac

Foc.71  mononuclear
c e l l
lnflltratlon 09.7 5.2 U

Pyogra”“loma  tous
inflammation 3.4 1.7 u

94.0

5 .2

82.8

U

U

U

U

41.7 u 0

u 0 0

U IJ 0

41.7

0

U

60.0 0 U 60 .0  41.7 0 0 41.7

1.7 u 0 1.7 1 . 7 0 0 1.7

IJ IJ 0 0 1.70 0 1.7

0 u 0 0 1.7 0 IJ

0 0 0 u U 1.7 0

6 3 . 3  11.7 U 75.11

1.7 0 0 0 0

1.7 0 1 . 7  1 . 7  3.4

53 .3 18.3 0 71.7 78.3 15.0 u 93 .3

u 0 0 0 1.7 u 0 1.7 0 0 0 0

85.0 5.0 U

0 1.7 0

90 .0

1.7

75.11 IO.0 II a5.U 93.3 5 . 0 0 9R. 3

1.7 II 1. 9 5 . 0 1.7 1.7 1.7 5.1

-_----~_____------  -----  -------

d/ B r a i n  t i s s u e  w a s  p r o c e s s e d  a n d  examined f o r  a l l  s p e c i m e n s , a n d  t h e r e  w a s  n o  cvldenre  o f  nny pntholngy.

a/ I-recognizable  ( l e a s t  s e v e r e ) ;  I  I - i n t e r m e d i a t e ;  IlI-severe.
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Summary

Serial sampling of 1978 brood Carson NFH spring chinook salmon in late

1979 and early 1980 indicated that general health of these fish was good,

and that at release, there was clinical evidence of improvements over the

fish released in 1979. Gill Na+-K+ ATPase profiles have been

consistent in timing and level of activity for 3 years (Figure 30), and all

of the evidence indicates that in 1980 the fish were released at maximum

gill Na+-K+ ATPase activity, and that at least 50% of the fish were

smolting. The average size at release was the smallest of the 3 years.

In spite of a constant 6.6"C water temperature, mean hematocrits

paralled mean gill Na+-K+ ATPase values throughout the season

Statistically significant correlations suggest that mean hematocrit data

may be a useful tool at this hatchery for predicting smoltification in

spring chinook salmon, should this relationship prove consistent from year

to year.

There were no Low hematocrit or hemoglobin levels in the 1980 samples,

and no incidence of severe (Class III) BKD. Means and ranges of the

collected hematological data were above reported levels in some periods

(Tables 28 and 31). An analysis of variance proved that there were highly

significant differences in the mean hematocrits between periods (F = 116;

F0.0005, 4,240 = 5.20).

Although histopathology data indicated increases in the incidences of

eye and olfactory sac tissue lesions in 1980 as compared to 1979, there

were no increases in severity. A separate IFAT-BKC test indicated that BKD

organisms could be found in smears from the olfactory sacs of 10 out of 25

fish examined (40%).
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Although we have presented an optimistic scenario for the Carson NFH

spring chinook salmon released in 1980, one cautious comment must be made

regarding the high hematocrits observed. In a general introductory

statement, we pointed out that high hematocrits may be the result of

dehydration. However, there is nothing in the Literature to indicate what

actual levels of hematocrit might be expected as indicators of the first

stages of dehydration. Figure 34 clearly shows a major split in the

hematocrit levels between winter and late spring. At the time of release,

over 80% of the fish had hematocrits of 50% or more, and 30% of the fish

had hematocrits of 60% or more.

As of now, we have no reasonable explanation for high hematocrits in

the spring of 1980.
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General

Kooskia National Fish Hatchery

Spring chinook salmon were sampled from Raceway 10 at Kooskia NFH in

early March, and from Raceway 7 in April. Sampling continued beyond

release (14-16 April) until early in June. Data are summarized and

presented in Table 35, where periods 5, 6, and 7 represent post-release

fish held over in Raceway 12.

Sampling periods are presented as days past 1 January 1980. Plasma

electrolytes (Table 35) represent pooled data from 6, 3, or single fish,

depending on fish size at the time of sampling.

Figure 35 shows water temperatures as measured in the raceways, and

Table 35 shows average fork lengths of the Kooskia NFH fish sampled in

1980. The average size of fish taken at the time of release in 1978 (24

April) was 125 mm compared to 118 mm in 1980.

Gill Na+-K+ ATPase

In 1980, the gill Na+-K+ ATPase profile of Kooskia NFH fish was

characterized by a rapid increase in mean values and standard deviations

between 1 April and 15 May, followed by a very sharp decline (Figure 36).

Peak Na+-K+ ATPase activity obviously occurred 4 weeks after release.

Mean Na+-K+ ATPase activity at the time of release in 1978 (24 April)

was 18.1; whereas in 1980 it did not reach this magnitude until

approximately 7 May (Figure 36). Note that the maximum single gill

Na+-K+ ATPase value found at release was less than the lowest single

gill Na+-K+ ATPase value during the peak of activity (Table 35).

Although there were significant positive correlations between fork lengths

and gill Na+-K+ ATPase activity during the third and fifth periods,
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Table 35.--Summary  d a t a  f o r  spring: rhinook salmon s a m p l e s  c o l l e c t e d  a t  KooskIn  Natlonnl  H a t c h e r y  i n  t h e  nprin~  o f
1980, with means. s t a n d a r d  d e v i a t i o n s  ( ), aud r a n g e s . S a m p l e  s i z e  = 60.

---__-

Item
Date

Period ---__
1 2 3 4 5 6 7

5 March 19 March 2 April 16 A p r i l ?O Apttl 14 May 5 June

Uays>Jal?!/ 65

Tt?!llp.-°C!L/ 3 .5

Avg. Fk L&./ 108.8
( 7 . 5 )

(Range) 89-l  26

A v g .  ATI’  F k  L& 1 0 8 . 5

78

4 . 0

112.9
( 7 . 0 )

II:)I-131

13.5
(6.7)

4 .3-124.3

7.9
(0.6)

10

92 106

5.0 5 .0

I

115.7

16.8
( 7 . 9 )
90-133

I IR.0
( 8 . 7 )

100-140

117.2
(7.1)

iO5.7-13U.U

I20 134

6 .5 8 .9

123.2 133.2
( 7 . 5 ) ( 1 0 . 2 )

lOS-141 121-198

122.9 132.9
( 5 . 5 ) ( 6 . 2 )

112.7-130.3 125.3-141.0

155

7.5

137.4
(8.1)

123-175

(3.1~)
104.0-I  12.7

( 5 . 7 )
1~16.3-122.3

137.1
( 5 . 5 )

125.0-144.0

,::i,
5 . 6 - 8 . 3 7.1-8.6

7 .03 11.3 15.4 19.7 11.6
( 0 . 9 ) (I.61 ( 2 . 8 ) (3.8) (1.9)

6 . 2 - 8 . 6 l-3.1-13.5 10.4-19.4 16 .2 -28 .3 9.0-14.5

42.4 (13.6 40.0 45.2 48 .5 47.4 37.8
( 4 . 2 ) ( 4 . 5 ) ( 6 . 5 ) 16.0) ( 8 . 5 ) (8.6) ( 5 . 9 )
33-57 JO-56 18-53 32-57 27-b 3 20-h I 22-48

6 . 6 7.3 6.8 7. I
(0.8) ((1.7) ( 1 . 1 ) (1.0)

3.7-8.7 5.7-9.0 2 . 9 - 9 . 4 4.3-9.0 3.2-H.  I

1.1)
( 1 . 3 )

2.3-9.0

15.7 1b.n 17.3 15.R 13.9 14.8 16.7
(I.61 ( 1 . 5 ) (Ib.1) ( 1 . 9 ) (1.6) ( 1 . 4 ) ( 2 . 6 )

lO.O-20.3 13.0-19.6 2.3-22.3 IO.R-20.9 11.7-18.2 11.4-17.8 10.4-25.6

146.5 lr,ti.? 152.6 156.5 157.0 133.3 144. I
( 7 . 2 ) (9.1)) ( 1 0 . 6 ) ( 4 . 8 ) (7.6) (11.7) ( 9 . 0 )

133.U-157.0 141-165 12R-17U 150-163 I3R-lb? 112-163 123-162

U.65 I. In I). bZ 1.53 I). 711 0.81 1.26
(U.Zb) (0.78) (0.36) (0.72) (0.31) ( 0 . 5 0 ) (1.11)

0.32-1.18 0.44-2.65 0.32-1.46 0.58-2.60 t~.3I-1.27 0.26-1.82 0.24-h. 1

153.6 125.9 12Y.U 124.1 133.8 I IH.  I 129.6
( 9 . 7 ) (‘1.3) ( 6 . 9 ) ( 5 . 4 ) (8.5) (111.2) ( 1 1 . 4 )

137-174 121-133 118-I 37 113-131 110-155 93-141 IOU-156

0 .96 I. I8 1.19 1.2b 1.17 I. I9 1.12
( 0 . 0 7 ) ( 0 . 0 7 ) (0. IO) (0.03) (0.05) (I .O) (0.  IO)

0.82-l.lJ5 l.U:-!.29 l.UU-1.33 1.23-1.33 1.07-1.25 0.91-1.39 0.88-1.40

(flange)

A v g .  AT&

(Kange)

A v g .  Hctf/

(Range)

Avg. Hb&

(Knnge)

A v g .  MCHC!i~

(Hange)

Avg. Na+i/

( Hange)

Avg. K+i/

(Kange)

A v g .  Cl-k/

(Range)

Na+/Cl-l/

(Range)

--- -__-- ------_-----~.-  -

a/ Uays>Ja  1 : T h e  n u m b e r  o f  d a y s  post  I J a n u a r y  19RO tllat t h e  s a m p l i n g  lwrtod  r e p r e s e n t s .
bi Temp.-OC:
,I Avg.

W a t e r  t e m p e r a t u r e  (ln d e g r e e s  C.) m e a s u r e d  f o r  t h a t  period.

;T/
Fk  1.n: T h e  a v e r a g e  f o r k  Lellgth  (f11 mllllmeters)  o f  a l l  f i s h  meo~llrrd  f o r  that  Ilerlod.

_ A v g .  ATY F k  1.n: T h e  a v e r a g e  f o r k  l e n g t h s  o f  fish  u s e d  f o r  t h e  gtll ATPase  menSIIrements  f o r  t h a t  p e r i o d .
e/ Avg. Atp: T h e  a v e r a g e  gtll ATPase l e v e l s  f o r  t h a t  petlod. (Nat-K+  ATPase artivlty i n  umoles Pl/mg

roteln,‘hour.)
Y/ Hct:
d ,^:;:  H b :

T h e  a v e r a g e  hematncrlts  f o r  t h a t  prrlod (% p a c k e d  c e l l s ) .
T h e  a v e r a g e  hcmogloblns  f o r  t h a t  p e r i o d  ( i n  g/dt).

!!I Avg. MCHC:
if A v g .  Na+:

T h e  meau corpusr~~lar  h e m o g l o b i n  c o n c e n t r a t i o n s  (Hb/Hct  x 1 0 0 )  a v e r a g e d  f o r  t h a t  pertod.

i/ Avg. K+:
T h e  a v e r a g e  p l a s m a  s o d i u m  f o r  t h a t  period ( i n  meq/l).

Tile  average  p l a s m a  p o t a s s i u m  f o r  t h a t  p e r i o d  (in meq/l).
k/ A v g .  C l - :  T h e  a v e r a g e  p l a s m a  c h l o r i d e  f o r  that p e r i o d  (fn meq/l).
11 Na+/Cl-: T h e  r a t i o s  o f  t h e  p l a s m a  s o d i u m  t o  c h l o r i d e s  f o r  t h a t  period.  averaged.

378



I
ifi3
l-
<
E
s
wI-

EI-
2

10.0
985
9.0
8.5
8.0
7.5
7.0
6.5
690
5.5
5.0
4.5
4.0
3.5
3.0
2.5
2.0
1.5
1 .O
0.5
0.0

PERIODS (6)

I I I 1 I I I I I I I I I I I I I 1

0 20 40 60 80 100 120 140 160 180
NUMBER OF DAYS PAST 1 JANUARY 1980
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this was not the case at the time of release (fourth period). There was no

correlation between mean fork Lengths and mean gill Na+-K+ ATPase

values. There was a significant positive correlation between mean gill

Na+-K+ ATPase and the water temperature (Figure 37). However, this is

probably coincidental, as the Na+-K+ ATPase profile normally includes a

post-smolting decline, regardless of water temperature.

On the basis of the above information, especially with ranges of gill

Na+-K+ ATPase values encountered, it appears that Kooskia NFH fish were

still in a pre-smolting condition at the time of release.

Plasma Electrolytes

Mean plasma K+ values (Table 35) were within expected ranges

(Table 25), and the mean plasma Na+ and Cl- values were frequently at

the upper end of the expected values. Mean CL- values in the first

period were 14.6% higher than the highest mean Cl- reported in Table 26.

Mean plasma Na+ and CL- values were much higher at the time of release

in mid-April 1980 (Table 35). Both plasma Na+ and CL- peaked on 30

April (5th period) and then declined rapidly to minimum levels at the same

time gill Na+-K+ ATPase reached peak value (Table 35). Profiles of

plasma Na+ and Cl- levels in Kooskia NFH spring chinook salmon were

similar to those of Carson and Leavenworth NFH fish (Figures 38 and 39).

Profiles of stress indicators plasma K+ and the MCHC , indicated

nimimals 2 weeks after release (Figure 40). A comparison of the profiles

of mean plasma K+ and MCHC values for spring chinook salmon from Carson,

Leavenworth, and Kooskia NFH indicates distinct similarities, and that the

spring low points of both indicators occurred about the first week in May

(Figures 41 and 42). These data also suggest that Kooskia NFH fish may

have been released too soon.
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Hematology'

Mean hematocrits of the Kooskia NFH fish were 39.1% (2 8.2) and mean

hemoglobins were 6.6 g/d1 blood (2 1.9) at release in 1978. Mean values

were slightly higher at release in 1980 (fourth period), and the ranges

were all within acceptable levels (Table 35). Steep declines in mean

hematocrit and hemoglobin values did not occur until over 6 weeks

post-release, and about 2 weeks after the maximum Na+-K+ ATPase

activity (Table 35). In general, the data indicate that prior to, during,

and' after release, only a small percentage of fish showed any evidence of

borderline hematology. Only 1.3% of the total fish sampled between early

March (first period) and release (fourth period) had hematocrits Less than

30%. This compares with about 8.3% for fish sampled at release in 1979.

Less than 4% of the post-release fish held at the hatchery for the

remainder of the sampling season had Low hematocrits (< 30%). There were

no high hematocrits )> 60%) for the first four periods, and about 6.7% in

post-release fish that coincided with the peak of the Na+-K+ ATPase

activity. About 2.5% of the pre-release and 13.3% of the post-release fish

had slightly elevated hematocrits (3 55%). There were highly

significant correlations of individual hematocrits and hemoglobins

(P < 0.001) in all seven periods, and percentages of below normal

hemoglobins followed the same trends as hematocrits. There were no

significant correlations between mean hematocrits and mean hemoglobins, nor

between mean Hct, Hb, MCHC, and gill Na+-K+ ATPase.

IFAT-BKD

Specimens of Kooskia NFH spring chinook salmon from the first, third,

and fifth sampling periods of 1980 were examined for the presence of BKD
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organisms by the IFAT (fish were released mid-way between the third and

fifth periods). The total incidence of BKD for 1980 appears to be down

substantially from 1978 (Table 36), and there is considerable variation in

the percentage of fish with light intensity infections throughout the

sampling period. Some of this may be due to sampling from different

ponds. Data classifying fish with "severe" intensity of infection may be

most meaningful. The IFAT-BKD tests indicate that approximately 2% of the

samples were in this category in two of three sample periods (Table 36).

Close observations were made of internal organs during all seven sampling

periods for any gross pathology, especially BKD type lesions. There was an

average of 2.4% of the fish with observed BKD type lesions for the seven

periods of sampling in 1980, ranging from 0 to 5.0%. Using these data, a

minimum estimate of 2 to 5% early mortality directly attributed to BKD,

could be expected.

Histopathology

A summary of pathological conditions observed is presented in Table

37. For comparative purposes, these data are further summarized with data

from the other hatcheries in Table 9.

Compared to 1978 (Novotny and Zaugg 1979), Kooskia NFH fish were

characterized by an increased incidence of eye lesions and both decreases

and increases in gill lesions (Figure 43). As in Carson NFH spring chinook

salmon, there was a pronounced decrease in certain gill lesions of

intermediate (Class IL) severity as the season progressed (Table 37), and

the incidence of lesions of the olfactory sac was persistently high

throughout the sampling period.
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Table 36. --The incidence of BKD organisms in juvenile Kooskia Hatchery
spring chinook salmon in 1978 and 1980 as determined by IFAT.

Date

% of fish with BKD bacteria in the kidney
Anterior Posterior Both
kidney kidney kidneys Totals

1978 (at
release)

11.7 8.3 70.0 90.0

5 March
1980 13.0 14.8

(25.9 moderate
44.4 72.2 1.9 severe>?!./

2 April
1980 1.8 0.0 1.8 3.5% (100 light)!?/

30 April
1980 16.1 12.5

(12.5 moderate
23.2 51.8 1.8 severe)L/

a/ moderate = lo-99 organisms/l50 microscopic fields.-

b/ light = l-9 organisms/l50 microscopic fields.

C/ severe = 5 100 organisms/l50 microscopic fields.-
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Table 37.--Pathological conditions observed in 1980 Kooskia Hatchery spring chinook salmon
and their percentage of incidence.-a/

Organ
and

sthology

Eye

Incidence (%)
Period 1 Period 3 Period 5

(severity)bl (severity (severity)
I II III total I II III total I II III total

celetal
lscle
:sions

Gills

Icreased
embers  of
rmphocytes

bithelial cell
jrmation

oscular
!langiectasis
secondary

lmel lae

Olfactory sac

cal
lnonuclear cell
Ifiltration

15.0 0 0 15.0 33.0 0 0 33.0 45.0 0 0 45.0

81.7 5.0 0 86.7 56.7 6.7 0 63.3 40.0 10.0 1.7 51.7

50.0 35.0 0 85.0 55.0 18.3 0 78.3 63.3 5.0 0 68.3

15.0 0 0 15.0 31.7 0 0 31.7 20.0 0 0 20.0

76.7 3.3 0 80.0 83.3 6.7 0 90.0 81.7 8.3 1.7 91.7

-

Brain tissue was processed and examined for all specimens, and there was no evidence of
!y pathology.

I-recognizable (least severe); II-intermediate; III-severe.
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Summary

Serial sampling of Kooskia NFH spring chinook salmon in 1980 indicated

that general health of the fish was good throughout the sampling season,

and that clinical evidence of any disease related problems was low and

probably reduced from that of 1978. Field notes indicate that a group of

Kooskia NFH fish originating from Carson NFH were released from Kooskia NFH

1 week before the main releases, and there were undocumented reports that

this early (Carson NFH origin) release group was suffering from anemia and

a high incidence of obvious BKD Lesions. Our data suggest that early

mortalities directly attributable to BKD in the normal release groups

should be approximately 2 to 5%.

Mean hematocrits of Carson, Leavenworth, and Kooskia NFH spring

chinook salmon data suggest that throughout the season, Kooskia NFH fish

were approximately between the other two, presenting a normal, healthy

appraisal (Figure 44).

However, it would appear from gill Na+-K+ ATPase and plasma

electrolyte data, that the fish may have been released before a high

percentage of the population s molted. A comparison of gill Na'-K+

ATPase data from the same three hatcheries (Figure 36) shows a remarkable

coincidence in the profiles and presents sufficient data in itself to

indicate that holding Kooskia NFH fish until at Least 1 May would have been

the best choice.

Since none of the samples had adequately elevated Na+-K+ ATPase

levels at release, we must conclude that the percentage of smolting was

very low, and no estimates can be given.
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General

Rapid River Hatchery (IDFG)

Sampling of spring chinook salmon from the earthen rearing ponds at

The Idaho Fish and Game Department's (IDFG) Rapid River Hatchery began in

early March and continued into mid-May at 2-week intervals, for a total of

six periods. The fish were allowed to migrate volitionally. Migration

began in early April, and from 17 April (fourth period) post-release  fish

were held in a temporary circular tank at the hatchery. The main ponds

were drained about 1 May for annual maintenance, and at this time any

residual fish were flushed out.

Sampling from the ponds without stressing fish presented a problem, as

physical conditions were not suitable for crowding. Sampling was

accomplished by dropping a Lift-net below an automatic feeder in the middle

of the pond, hand broadcasting food over the net, and then rapidly raising

the net. Usually over 500 fish could be trapped, and from this sample

approximately 20 fish were dipped out for destructive analysis. This was

repeated three times during the course of the day.

Field notes indicate that erythromycin phosphate was injected into

Rapid River Hatchery adults prior to spawning and also to treat eggs at

fertilization to reduce the vertical transmission of BKD.

Plasma samples were pooled by groups of three fish (along with the

gill samples for Na+-K+ ATPase analysis) until Periods 5-6, when

individual plasmas were used.

Data from six sampling periods are presented in Table 38. The peak of

emigration was estimated to be 10 April, and the samples from Periods 4-6
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‘ Tab le  3B.--Summary  d a t a  tar t h e  s p r i n g  (IYbU)  s a m p l i n g  o f  Rapid Ktver Ha tchery  spr ing  chinook  s a l m o n  w i t h  means,
s t a n d a r d  d e v i a t i o n s  ( ), and  ranges .  Sample size = 60.

--____ ___- ----___ -__-

Period--Y-p ----z------ -----_  .---_ ____~______  ________.__
5 6.-- - -  -- _-- _-1 2 J 4~------__

(peak of
e m i g r a t i o n )

Uate

Uays>Jal  a/
Temp. “&

Avg.  Fk  L&

(Range)

Avg. ATP Fk Ln!-!/

(Hange)

Avg.  AT&

(Kange  1

A v g .  HctLl

(Kange  1

A v g .  Ht.&/

(Kange  )

Avg .  MCHCh/

(Kange  )

A v g .  Na+ll

(flange)

Avg.  J&il

(Kange  1

A v g .  Cl-k/

(Kange 1

Na+/Cl-Y

(Kange  )

b Mar tJU 2 1  Har 80 3  Apr  80 17 Apr 80 I M a y  80 15 H a y  80

66 7Y 93 107 121 134
3 . 5 4.0 5.0 b-0 1 .5  8 . 5

126.6 130.4 135.7 133.2 136.5 143.7
(5.0) (7.4) (3.7) (9.5) (9.1) (4.9)

116.7-135.0 116.3-142.3 130.7-141.3 116.7-147.7 122 .3 -152 .3 136.7-152.0

126.6 130.4 135.7 133.2 136.5 143.7
(5.0) (7.4) (3.7) (9.5) (9.1) ( 4 . 9 )

116.7-135.u 116.3-142.3 130.7-141.3 116.7-147.7 122.3-152.3 136.7-152.0

(K, (Z,
6.U-lU.l 8.1-ICI.9

12.6 IU.8 1u.9
0.6) (2.0) (1.9)

8.6-2U.2 7.5-14.u 7.8-14.0
,::;,

5 . 1 - 1 3 . 5

4U.U 4J.B 38.2 42.2 44 .5  4 9 . 6
(6.9) (6.U) (5.9) (7.6) (8.6) (7.4)

9-52 26-53 25-55 lg-bU 21-65 35-65

,::i,
2.0-7.3 2. b-8.1

l2.U 12.5 15.7
(1.4) (1.9) (3.1)

8 . 8 - 1 5 . 6 7.0-17.8 7.6-26.

15Y.b 146.2 161.7 125.2 I3U.Y 1 lb.0
(10.2) (16.9) (4.0) ( 1 7 . 6 )  ( 1 6 . 3 ) (2U.U)
136-182 112-173 152-167 1U4-l6U 83-155 69-J 65

U.tlb 1.U2 U.6H
( 0 . 6 1 ) (0.40) (0.32)

0.37-2.75 U.47-1.86 0.34-1.44 L

0.59
(0.42)

I. 19-1.7u

84-Y
12 .1 )
70-l  19

u.51 0.61
(0.36) ((J. 50)

U.23-2.UU u.24-1.95

135.4 133.3 133.0
(1U.J) (11.8) (4.6)
122-158 107-151 123-13Y

(
113.0 93.1
( 2 1 . 5 )  ( 1 3 . 1 )
6U-I  63 63-111

1. I8 I .  It) 1.22
(0.10) cu.131 (0.03)

1.03-1.41 U.gb-1.31 1. Lb-l.29

0

(:::,
0.7-9.0

(E,
3.5-8.1

(3,
5.11-10.7

14.0 13.4 15.3
(3.U) (3.0) (2.7)

3.71-19.6 8.0-23.4 10.4-20.9

1.41
(U.UY)

1.28-1.57

I.18 1.24
(0.15) (0.10)

0.85-1.75 1.02-1.54

-_-+---- ______________________.___._______._  -_-.--_-------  ._._ ------ ---- --- .--- __
a/ Llays>.Jal:
bJ Temp. -‘C:

The number of  days post I  January 19gU  that  the sampling period represents.

Cl Avg. Fk Ln:
W a t e r  t e m p e r a t u r e  ( i n  dcgrecs  C.) measured  f o r  t h a t  prrll>d.

iii
T h e  a v e r a g e  t o r k  l e n g t h  ( i n  mllllmeters)  o f  a l l  f i s h  mcasurcd  tar t h a t  perlud.

Avg. ATY  Fk Ln:
& Avg.  Atp :

T h e  a v e r a g e  f o r k  l e n g t h s  o f  tlsh u s e d  f o r  t h e  g i l l  ATPase m e a s u r e m e n t s  f o r  t h a t  period.

t/
T h e  a v e r a g e  g i l l  ATPase l e v e l s  f o r  t h a t  p e r i o d . (Nat-K+  ATPasc activity  in I I  m o l e s  Pi/mg p r o t e i n / h o u r . )

Hct :
ii/ it:,“:  Hb:

T h e  a v e r a g e  hematucrits  f o r  t h a t  period  (X packed  ce l l s ) .

h/ A v g .  MCHC:
T h e  averagc  h e m o g l o b i n s  f o r  t h a t  period  ( i n  g/dl).

T/ A v g .  Na+:
The mean corpuscular hemoglobin concentrat ions (Hb/Hct  x IOU) averaged for that  period.

T h e  a v e r a g e  plasma  sodium F o r  t h a t  period  ‘(in mcq/l).
i/ Avg .  K+: T h e  a v e r a g e  p l a s m a  p o t a s s i u m  f o r  t h a t  pertod  ( i n  meq/l).
k/ Av
I/ Na B’

Cl-: T h e  a v e r a g e  plasma  chloride  f o r  t h a t  p e r i o d  ( i n  meq/l).
/Cl-: T h e  r a t i o s  o f  t h e  p l a s m a  s o d i u m  t o  c h l o r i d e s  f o r  t h a t  period,  a v e r a g e d .
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(Table 38) were collected from fish held back in circular tanks. Periods

5-6 could be considered "post-emigration."

Field notes indicate that Dr. G.W. KLontz!!/  suspected some epistylus

infestations in early March, and we noted a small number of "graybacks"

during the second sampling period. By the fourth period, very few parred

fish and no BKD lesions were noted. The fish looked good and the scales

were loose.

Figure 45 is a profile of water temperatures in the ponds at Rapid

River Hatchery as measured during the sampling periods. Figure 46 plots

average fork lengths of Rapid River hatchery fish as measured from our

sampling. The apparent decline in growth and growth rate after the third

period may be an artifact resulting from larger, smolting fish emigrating

from the pond first.

Gill Na+-K+ ATPase

There is difficulty in following trends of gill Na+-K+ ATPase (or

any of the other-parameters)  in Rapid River Hatchery spring chinook salmon

because fish were allowed to migrate volitionally, and the only totally

captive population from which samples could be taken was not established

until the fourth period. Figure 47 profiles the Na+-K+ ATPase values.

Note that the curve increases rapidly and then declines between the third

and fourth periods. If a major migration of smolting fish had occurred,

the emigrating individuals probably had the highest Na+-K+ ATPase

values. In the third period, 30% of the Na+-K+ ATPase samples were

41 Professor of fisheries, University of Idaho, Moscow, Idaho.-
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greater than 15.0 u moles Pi/mg protein/hour. In the fourth period, none

of the samples was greater than 14.0 u Pi/mg protein/hour. There were no

positive correlations between mean gill Na+-K+ ATPase values or other

parameters during the sampling season, or during individual periods. From

the profile presented (Figure 47), there definitely appears to be a

post-smolting decline in Na+-K+ ATPase values after the fifth period

which may have been reduced by a change in environments. A "best guess"

would be that at least 30% of the fish sampled were smolting at the

beginning of the migration period (3), and that this percentage increased

during the next 2 weeks.

Plasma Electrolytes

Mean plasma Na+ values (Table 38) were occassionally higher than the

expected (Table 25), and the mean plasma CL- and K+ values were

frequently lower. Mean chloride values on two occasions, for example,

ranged from 10.5 to 16.3% lower than the Lowest Cl- values reported in

Table 25, and on four occasions mean plasma K+ values ranged from 16 to

37.5% Lower than the lowest values reported in Table 25.

Mean plasma Na+ and Cl- Levels declined rapidly during the peak of

migration (Figures 48 and 49), and mean plasma K+ concentrations were

well into a decline at the same time (Figure 50). The mean Na+/Cl-

ratio (which is, again, a measure of the maximum divergence of plasma Na+

and CL-) increased sharply to a peak value at the same time (Table 38).

The key stress indicators (elevated plasma K+ amd MCHC values) had peaked

and were in a sharp decline during this major migration period (Figures 50

and 51).
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There were no correLations between the average gill Na+-Kf ATPase

value and any of the average plasma electrolytes. There was a significant

positive correlation between mean plasma Cl.' and mean plasma Na+ values

(Figure 52), a significant negative correlation between mean plasma Na+

and water temperatures (Figure 53), and between mean plasma Na+ and mean

hematocrits (Figure 54).

There were no significant correlations between individual plasma Na+

and CL- values until the third period (r = 0.615; P < 0.005), early in

April. Correlations of Na+ and Cl- from that point increased, and

ranged from r = 0.8 to 0.9 (P < 0.001). Correlations between individual

plasma K+ and the Na+ and CL- values were significant only between

the third and fourth periods (r = 0.6-0.7; P < 0.01-0.02).

Hematology

Mean hematocrits and hemoglobins of Rapid River Hatchery spring

chinook salmon were all within normal ranges throughout the 1980 spring

sampling season (Table 38) and showed a general increase as the season

progressed (Figures 55 and 56). There were significant positive

correlations between the hatchery water temperature and mean hematocrits

(r = 0.840; P < 0.05) and mean hemoglobins (r = 0.882; P < 0.02) suggesting

that these parameters are positively influenced by water temperature  in

this stock (Figures 57 and 58).

There was no significant correlation between mean hematocrit and

hemoglobin values. IndividuaL hematocrits and hemoglobins were all

positively correlated  throughout the sampLing season (Table 39). Although

mean plasma Na+ values and mean hematocrits were significantly correlated

(Figure 54), these relationships could not be shown for individual fish.
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T a b l e  39.--Significant  correlaiton coefficients for i n d i v i d u a l  hematocrits

and hemoglobins of Rapid River Hatchery spring chinook salmon
during the 1980 sampling season.

Period
Item 1 2 3 - 4 5 6

Correlation coefficient 0.865 0.751 0.479 0.680 0.547 0.334

Degrees of freedom 58 58 58 55 53 50

P <O.OOl <O.OOl <O.OOl <0.001 <O.OOl <0,02

The incidence of abnormaLly low and high hematocrit values was quite

low during the migration period, and remained so until the last sampling

period (Table 40).

Table 40.--Incidence of Low and high hematocrit values in Rapid River
Hatchery spring chinook salmon during the 1980 sampling season
(expressed as precentage of the samples tested).

Item

Hematocrits
<30

Period
1 2 3 4 5 6

5. ( )  3.3 5.0 5.2 5.5 0

>55 0 0 0 5.2 9.0 2 5 .  5

Average mean celL hemoglobin concentrations (stress indicators)

peaked prior to migration and declined throughout the migration periods

(Figure 51).

On the basis of the information collected and evaluated, the general

health index as expressed by hematological  values examined was quite good

throughout the season, and especially so at the time of emigration.
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Table 41.--The incidence of BKD organisms in juvenile Rapid River Hatchery spring
chinook salmon during the 1980 sampling season, as determined by
IFAT-BKD.

Percent of fish with BKD bacteria in the kidneys

Period

#l

6 March

Anterior Posterior Both Comments on
kidney kidney kidneys Totals intensity21

3.3 1.7 3.3 8.3 1.7 moderate '

#4
17 April

i/5
1 May

0 1.7 0 1.7 All light

10.0 10.0 5.0 25.0 1.7 moderate

a/ Light =- l-9 organisms/l50 microscopic fields
Moderate = lo-99 organisms/l50 microscopic fields
Severe = > 100 organisms/l50 microscopic fields
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IFAT-BKD

Specimens of Rapid River Hatchery spring chinook salmon from the

first, fourth, and fifth sampling periods of 198 were examined for the

presence of BKD organisms by the LFAT (major migration was between the

third and fourth periods).

 The incidence of BKD was very low throughout the periods o f  pond

sampling (Table 41), and the intensity of infection was classified

parimarily as light (1 to 9 BKD organisms/l50 microscopic fields). Three

fish (5%) were observed with gross BKD type lesions during the first

sampling trip in March and none thereafter. This incidence averages 0.8%

for the six sampling trips with 95% confidence Limits to a 1.8% incidence.

The microscopically (IFAT-BKD) observed frequency of 1.7% during the major

migration (Table 41) has an upper 95% confidence limit of 5.0%.

The resuLts of detection methods indicate that treatment of th e adult

parent stock and eggs with erythromycin phosphate was quite successful for

the 1980 migrants. Increase in incidence in the "hold-over" fish m a y h a v e

been due to the stresses of confinement.

Histopathology

A summary of the pathological conditions observed is presented i n

Table 42. For comparative purposes, these data a r e f u r t h e r  s u b m i t t e d   w i t h

data from other hatcheries in Table 9.

Samples for a histopatholgical profile were collected d u r i n g  t h e first

three periods, the last (3 April) representing the b e g i n n i n g of migration.

ALL samples came from ponds, none were from the confined h o l d i n g  a r e a .

Lesions of the gills and olfactory s a  c w e  r e c o n s i s t e n t l y   . .  . . . . . h i g h

throughout the sampling periods, and there w a s a  p e r s i s  t e  nt ly h i g h



Table 42. --Pathological conditions observed in 1980 Rapid River Hatchery
a/spring chinook salmon and their percentage of incidence.-

Organ
and

pathology

Incidence(%)
Period 1 Period 2 Period 3

(severity)!?/ (severity) (severity)
I II III total I II III total I II III total

Eye

skeletal
muscle
lesions 43.3 0 0

retrobulbar
fat
lesions 0 0 0

Gills

increased
numbers of
lymphocytes 83.3 13.3 0
epithelial
cell
formation 31.7 65.0 1.7

vascular
telangiectasis
of secondary
lamellae 3.3 0 0

Olfactory sac

focal
mononuclear
cell
infiltration 76.7 6.7 0

43.3 55.0 0 0

1.7 0 0

55.0 59.3 0 0 59.3

0 1.7 0 0 0 0

96.6 63.3 8.3 0 71.6 78.0 13.6 0 91.5

98.4 58.3 23.3 0 81.6 50.9 98.4

3.3 3.3 0 0 3.3

90.0

8.5

47.5 0

0 0 8.5

83.40 76.7 13.3 0 0 79.7 17.0 96.7

a/ Brain tissue was processed and examined for all specimens and there was no
evidence of any pathology.

b/ I-recognizable (least severe); II-intermediate; III-severe.-
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proportion of fish with Lesions of intermediate severity. However,

summarized comparative data presented in Table 9 indicate that the severity

and incidence were only slightly higher than those of other spring chinook

salmon stocks in the study.

Summary

Serial sampling of Rapid River Hatchery spring chinook salmon in 1980

indicated that general fish health was good from the early part of the

season through release. The incidence of BKD as documented by indirect

fluorescent antibody analysis of random samples was very Low, probably

indicating that the erythromycin phosphate program for the prevention of

the vertical transmission of BKD was successful.

At release, Rapid River Hatchery fish were the largest of the four

spring chinook salmon stocks in the study (Figure 46). Profiles of water

temperatures were comparable to Kooskia and Leavenworth NFH (Figure 45),

but the peak of the Na+-K+ ATPase profile (Figure 47) occurred much

earlier (this may have been due to the abrupt changes in environment). In

contrast, the mean gill Na’-K+ ATPase values of the Carson NFH stock

(at Carson NFH) peaked at the same time as the Leavenworth and Kooskia NFH

fish (Figure 47), in spite of a constant temperature at Carson NFH

(Figure 45). Leavenworth and Kooskia NFH stocks are basically from Carson

NFH transplants.

Average hematocri ts and hemoglobins were comparable to those of

Leavenworth NFH spring chinook salmon at release, but lower than Carson or

Kooskia NFH fish (Figures 55 and 56). Profiles of average mean cell

hemoglobin concentrations of all four spring chinook salmon hatchery stocks

in the study indicate that they were all comparable, and that MCHC of the
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Rapid River Hatchery stock were rapidly declining during outmigration

(Figure 51). Mean plasma Na+ values declined much more rapidly than

those of the other spring chinook salmon stocks studied and were the lowest

of the four at release (Figure 48). Mean plasma Cl* values had the most

abrupt changes of any of the stocks as evidenced by an extremely sharp

decline during migration (Figure 49). A comparison of average plasma K+

profiles for the spring chinook salmon stocks (Figure 50) indicates a

declining curve throughout the season for Rapid River Hatchery fish, with

the lowest points during outmigration., These lower stress indicator values

(MCHC and plasma K+> may be from the use of pond culture at Rapid River

Hatchery.

All of the data indicate that Rapid River Hatchery stocks were in

excellent condition at the time of outmigration.
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RESULTS AND DISCUSSION OF FALL CHINOOK SALMON SURVEYS

General

Spring Creek National Fish Hatchery

Fall chinook salmon were sampled from a number of ponds at Spring

Creek NFH in 1980, both for homing and smoltification studies. The

analyzed data collected from both of these studies are presented in this

report. Summarized data for fish released in the homing study are

presented in Table 43. Sample sizes for these data are 60 fish/sampling

period, and sample sizes for the data collected in other ponds are 30 fish.

Individual weights were measured at Spring Creek NFH, and these data are

also presented.

Figure 59 shows the average Lengths of the fish sampled from homing

study ponds and those sampled throughout the season from other ponds.

There were no indications of differences in mean sizes of fish between

ponds, and data collected from all normal production ponds typically

represent homing study fish. Average weights of production pond fish are

shown in Figure 60.

Gill Na+-K+ ATPase

The gill Na+-K+ ATPase profile in 1980 was characterized by a

maximum decline at the release time of the homing study and hatchery

evaluation fish (Figure 61). This was followed by a rapid increase to a

maximum level that occurred about 40 days later in fish held past this

release period (Figure 61). In contrast, the gill Na+-K+ ATPase

profile in 1979 indicated that the peak of activity occurred at normal

release time in early May (Figure 62). Although the level of peak activity
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was not as high in 1979 as in 1980, the rates of change were approximately

the same. The difference in timing between the 1979 and 1980 peak

activities is about 50 days (Figure 61), and this might influence

survival.

Plasma Electrolytes

Mean plasma electrolytes as measured in homing study fish (Table 43)

were generally within ranges reported for spring chinook salmon (Table 25),

with the exception of K+ values which were much higher than expected and

could not be attributed to hemolysis. A profile of mean plasma K+ as

measured in production pond fish is presented in Figure 62. There are

three periods of mean plasma K+ levels that are sharply elevated above

the norm, with a major peak occurring right at the time of release. This

may be an indication of physiological stress at a critical time.

Mean plasma Na+ values of production pond fish were variable early

in the season and then generally rose in a cyclic pattern beginning in Late

March (Figure 63). There was a sharp increase in plasma Na+ at the time

of release, followed by a sharp decline at the end of the release period.

Beginning in early May, these peak increases in plasma Na+ occurred at

regular 14-day intervals.

Mean plasma Cl- values of the production pond fish were also quite

variable (Figure 63). Plasma Cl- values had declined to an intermediate

low level at the time of release.

Mean plasma Na+ and Cl- levels in the Spring Creek NPH fall

chinook salmon were generally in the same range as a typical yearling

spring chinook salmon such as those from Leavenworth NFH. Differences in
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the profiles may reflect differences between yearling (spring chinook

salmon),and  O-age (fall chinook salmon) fish (Figure 63).

Hematology

Blood was sampled only three times during the 1980 studies at Spring

Creek NFH for hematological  analysis. There were no individual samples

with lower than normal values (Table 43). In the first period (10 March),

3.3% of the samples had hematocrits of 55% or more, and by 10 April, this
figure had increased to 46.7%, and at release to 58.3%. There were no

significant correlations between individual hematocrits and hemoglobins

until the third (release) period (r = 0.532 for 53 d.f.; P < O.Odl), which

is unusual. Mean MCHC and hemoglobin values increased throughout the

season (Table 43). There is no obvious explanation for the percentage of

fish with high hematocrits, MCHCs, or hemoglobins in April-May, except that

these values and the generally increasing mean plasma Na+ (Figure 63) may

indicate hemoconcentration resulting from a reduction in tissue water

volume.

IFAT-BKD

Prepared specimens of Spring Creek NFH fall chinook salmon from the

first, second, and third sampling periods of 1980 were examined for the

presence of BKD organisms by the IFAT. However, data are only presented

here for the second (10 April) period because of some technical

difficulties in preparation of slides from the other periods.

BKD organisms were found in 23.7% of the anterior kidney smears, 11.9%

of the posterior kidney smears, and 22.0% in both anterior and posterior

kidney. The total number positive for BKD was 57.6%.

428



Infected fish were classified as 73.6% Light (1.9 orgnaisms/150 m.f.),

and 26.4% intermediate (10.99 organisms/l50 m.f.) intensity. The upper

limit was 35 organisms/l50 m.f.,, and even though the incidence of infection

was relatively high, no samples were observed with severe infections.

Consequently, BKD may not be a serious problem in this stock.

Histopathology

A summary of the pathological conditions observed is presented in

Table 44. For comparative purposes, these data are further summarized with

data from the other hatcheries in Table 9.

The histopathological profile of Spring Creek NFH fall chinook salmon

showed pronounced increases in numbers of Lymphocytes in the gills and

Lesions of the olfactory sac by the time of release. Some of these high

levels were comparable to spring chinook salmon 1 year older (i.e.,Carson

NFH, Table 34).

Summary

Continued sampling of homing study and production fall chinook salmon

from Spring Creek NFH in 1980 indicated a shift in the Na+-K+ ATPase

profile from previous years. Fish released in 1980 for the homing study

were in the trough of a Na+-K+ ATPase profile, which may have some

effect on survival.

There was also evidence from hematological and plasma Na+ data that

indicated a majority of the fish (at release) had excessively high

hematocrits and plasma Na+ values, and may have been under some type of

stress. Although we cannot quantify the effects of apparent deviations in

these parameters from the norm, they should be taken into consideration.
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Table 44.--Pathological conditions observed in 1980 Srping Creek H a t c h e r
fall chinook and their percentage of incidence.5/

Organ
and

pathology

Incidence (%)
Period 1
(severity)bl

Period 2 Period 3
(severity) (severity)

I II III total I II III total I II III total

Eye

skeletal
muscle
lesions

Gills

increased
numbers of
lymphocytes

vascular
telangiectasis
of secondary
lamellae

18.3 0 0 18.3 6.8 0 0 6.8 21.7 0 0 21.7

65.0 10.0 0 75.0 25.4 1.7 0 27.1 56.7 43.3 0 100.0

8.3 0 0 8.3 22.0 5.1 0 27.1 1.7 0 0 1.7

Olfactory sac

focal
mononuclear
cell
infiltration 56.7 6.7 0 63.4 42.4 8.5 0 50.9 93.3 6.7 0 100.0

a/- Brain tissue was processed and examined for all specimens, and there was no
evidence of any pathology.

bl- I-recognizable (lease severe); II-intermediate; III-severe.
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General
Big Creek Hatchery (ODFW)

Fall chinook salmon were sampled from the homing study fish in ponds

at the Oregon Department of Fish and Wildlife's (ODFW) Big Creek Hatchery

from 8 April until 13 May 1980, from a production pond on 22 May 1980, and

from production fish held over in tanks from 23 May to 7 July 1980.

Summarized data for fish released in the homing study are presented in

Table 45. Sample sizes for these data are 60 fish/sampling period, and the

sample sizes for data collecteed from fish in other ponds and tanks are 30

fish/sampling period. We were not able to collect adequate samples for

plasma electrolyte analysis from the fish at Big Creek Hatchery. Water

temperatures during the April-May period were quite stable (Table 45).

Although Spring Creek NFH and Big Creek Hatchery fall chinook salmon

were released at approximately the same time, Spring Creek NFH fish were

(on the average) over 10 mm longer. Mean sample weights of Big Creek

Hatchery production fish were 6.8 g on 22 May 1980 (Table 45), and samples

from production ponds at Spring Creek NFH averaged 9.0 g (Figure 60) at the

same time.

Gill Na+-K+ ATPase

The gill Na+-K+ ATPase profile of the Big Creek Hatchery fall

chinook salmon was characterized by rapidly increasing activity during the

release period (Figure 64). Note that the shape of the profile of the Big

Creek Hatchery fish is similar to that of fish from Spring Creek NFH

(Figure 64) but begins to increase rapidly much earlier in the spring. Big

Creek Hatchery fish were released at a favorable time of rapidly rising

gill Na+-K+ ATPase values.
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Gill Na+-K+ ATPase values could only be significantly correlated

with fork lengths in the second sampling period (P < 0.020, r = 0.717,

8 d.f.) (Table 45).

Hematology

Blood was sampled four times during the studies at Big Creek Hatchery

for hematological analysis. Early in the season, samples had to be pooled

to obtain sufficient quantities for analysis as fish were small and volumes

of blood that could be obtained were limited. There were no samples with

Lower than expected values (Table 45). The percentage of samples with

hematocrits of 55% or more from the first through the fourth sampling

periods were 10, 40, 30, and 4 0 %  respectively. This was generally less

than that of Spring Creek NFH fish, but still considerably high. The only

significant correlations between hematocrits and hemoglobins occurred in

the third period (r = 0.745 for 26 d.f., P < 0.001). Mean hematocrits and

hemoglobins increased sharply during April, and mean hemoglobin and MCHC

values rose progressively throughout the season (Table 45). Whether high

MCHC values in fall chinook salmon during the period of smoltification are

related to smolting stresses or other factors is not possible to judge at

this time.

IFAT-BKD

Prepared specimens of the Big Creek Hatchery fall chinook salmon from

the second and fourth sampling periods of 1981 were examined for the

presence of bacterial kidney disease organisms by the IFAT. Only 5% of the

samples in either period were positive for BKD, and all of the intensities

were classified as Light.
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Histopathology

A summary of the pathological conditions observed is presented in

Table 46. For comparative purposes, these data are further summarized with

data from other hatcheries in Table 9.

The histopahtological profile of Big Creek Hatchery fish indicates

that there were sharp increases in the frequency and severity of

pathological conditions of the gills and olfactory sac by the third period,

and that these conditions were not reduced by the fourth (release) period.

In some cases these conditions were more severe than in Spring Creek

Hatchery fish (Table 44).

Summary

The sampling of fall chinook salmon from Big Creek Hatchery in 1980

indicated that the fish were about 12% smaller than Spring Creek NFH fall

chinook salmon at the time of release. Hematological data indicate a

relatively high percentage of fish with high hematocrits at the time of

release, which could indicate some degree of hemoconcentration. Levels of

BKD were extremely Low and Light in intensity, which should indicate a Low

probability of mortality from this disease.

There were sharp increases in frequency and severity of certain

pathological conditions of the gill and olfactory sac during the sampling

season. Although we have no way, at present, of quantitatively relating

these conditions to survival, this information should be kept in mind when

assessing returning adults.
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T a b l e  46.--Pathological conditions o b s e r v e d  i n 1980 Big Creek Hatcher)  spring chinook salmon and their  percentage of  incidence.  *’

I nc idence  (%)
P e r i o d  1 Period 2 Period 3 Per iod  4

(severitv)b’ ( Severity) (Severity) ( Severity)
I I I  I I I  T o t a l  I I I  III T o t a l  I I I  I I I  To ta l  I I I  I I I  Total

Skeletal m u s c l e
l e s i ons  20 .3

Increased
numbers
of  lymphocytes 13.3

Epithelial c e l l
formation 45 .0

Vascular
telangiectasis
of  secondary
lamellae 1.7

O l f a c t o r y  sac

Focal
mononuclear
c e l l
infiltration 71.7

0 0 28 .3  18.3 0 0 18.3 20.0 0 0 20 .0 38.3 0 0 38 .3

3 . 3  0 16.6 33 .3  3 .3 0 36.6 63.3 33.3 0 96 .6 66.7 23.3 0

16.6 0 61 .6  a .3  1.7 0  10.0 48.3 40 .9  3 .3  91 .6 36.7 58.3 0

0 0 1 . :  0 0 0 0 0 0 0 0 0 0 0

0 0 1 .7 58.3 1.7 0 60 .3  46.7 26.7 0 73 .4  71.7 23.3 0

90 .0

95 .0

0

95 .0

-  B r a i n  t i s s u e  was p r o c e s s e d  a n d  e x a m i n e d  f o r  a l l  s[eco,ems/a l and there was no evidence p f  any pathology.

_ I - r e c o g n i z a b l e  ( l e a s t  s e v e r e )  ' OO-intermediate;b/ III-severe.



Hagerman National Fish Hatchery

It was not possible to collect extensive samples from fall chinook

salmon reared at Hagerman NFH Hatchery because of distances involved.

Samples were collecxted for gill Na+-K+ ATPase analysis and shipped to

the NMFS laboratory at Willard for analysis. Two groups of fish were

transported from Hagerman NFH and released; one on 3 June and the other on

5 June 1980.

Mean fork lengths of fish sampled at the hatchery are shown in Figure

65. On the average, Hagerman NFH fall chinook salmon were 21% larger than

Big Creek Hatchery fish and 10% larger than the Spring Creek NFH fish at

the time of release.

A profile of gill Na+-K+ ATPase activity is presented in Figure

66. Apparent peak activity was reached in early May and was sustained for

at Least 1 month. This activity level was the highest in fall chinook

salmon studied and may be the result of warm water temperatures in the

hatchery (approximately 14'C). The abrupt rise in Na+-K+ ATPase

activity indicates that the fish were probably physiologically prepared for

emigration in early May and perhaps should have been released sooner.
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RESULTS AND DISCUSSION OF COHO SALMON SURVEY

General

Willard National Fish Hatchery

The only coho salmon that were involved in the 1980 homing studies

were from the Willard NFH. Complete sampling was conducted at the Willard

NFH on three occasions prior to release and these data are summarized in

Table 47. Individual fork lengths, weights, and pooled gill samples for

Na+-K+ ATPase analysis were collected more frequently throughout the

season, and representative samples of the population were held in tanks at

the hatchery after the 24 May releases for post-release Na+-K+ ATPase

analysis. Figure 67 is a profile of water temperatures at the hatchery

during the sampling periods. Note that temperatures were actually

declining during the release period.

Figure 68 is a profile of average fork lengths of all fish measured

during the 1980 sampling season at Willard NFH, and Figure 69 is a profile

of average weights of fish measured during gill collecting sampling

periods. Dips in mean length and weight are probably due to sampling

errors.

Gill Na+-K+ ATPase

The gill Na+-K+ ATPase profile in 1980 was characterized by a

rapid increase in activity followed by a similar decline. This peak was a

pronounced height within several days of release (Figure 70). The 1980

profile was almost identical to that found in the sampling of Willard NFH

coho salmon in 1978 (Figure 701, and on the basis of this information, the

timing for release at peak activity was excellent in 1980.
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Figure 69.--Mean weights of Willard NFH coho salmon sampled during spring
1980.
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There were no significant correlations between pooled sample fork

lengths and Na+-K+ ATPase in any of the sample periods. There was a

positive correlation (r = 0.739; P < 0.020 for 8 d.f.) between gill

Na+-K+ ATPase and pooled plasma Cl- in the 5 March sampling period,

which is in contrast to the theory that plasma Cl- declines with the

onset of smoltification. There was a negative correlation (r = 0.847; P <

0.005 for 6 d.f.) between gill Na+-K+ ATPase and pooled plasma K+ in

the 20 May sampl:ng period, and a positive correlation (r = 0.667; P < 0.05

for 7 d.f.) between gill Na+-K+ ATPase and pooled hematocrits in the 20

May period. There do not appear to be any consistencies with these

correlations, and therefore they may not be relevant.

In Figure 71, the percentage of samples with Na+-K+ ATPase values

> 15 begins to rise rapidly by mid-April (30%). This percentage

increases to over 60 by the time of release (mid-May) and is sustained

through early June. Before mid-April, none of the fish had Na+-K+

ATPase values over 15 u moles Pi/mg protein/hour. On the basis of this

information, it would appear that 50-60% of the fish were smolting at

release.

Plasma Electrolytes

Miles and Smith (1968) reported on plasma electrolytes in hatchery

coho salmon. Spring samples of fish

as follows:

Mean (mEq/l)

Na+ 146.7

Cl' 117.3

K+ 8.6

in fresh water averaging 12.5 g were

Range (mEq/l)

130.0-168.0

90.0-132.6

1.8- 19.0
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Our own studies of Columbia Kiver Hatchery coho salmon in 1978 resulted

in the following ranges of mean values for plasma electrolytes:

Na+
mEq 1

140.8 - 170.0

cl- 113.4 - 140.8

K+ 5.7 - 8.4

Mean plasma electrolyte values (Table 47) were within the expected

values or the values found in Columbia River hatchery coho salmon in 1978.

Both minimum and maximum plasma Na+ values were beyond those reported by

Miles and Smith (1968), as were the maximum plasma Cl- values.

Apparently plasma K+ values are normally higher in coho salmon than in

chinook salmon.

Profiles of mean plasma electrolyte values for the three major

sampling periods are shown in Figure 72, and compared here with mean gill

Na+-K+ ATPase values collected at the same times. There is actually a

significant positive correlation (r = 0.997; P < 0.05 for 1 d.f.) between

the mean Na+-K+ ATPase and the mean plasma Cl- values. But, this

trend of increasing plasma Cl- and decreasing plasma Na+ as the fish

approach smolting would not appear to be typical. The gradual increases in

plasma K+ values could be expected with increased stresses from growth

and the onset of smolting. There was no evidence of sharply elevated

plasma K+ values at the time of release that would indicate serious

stress problems. The median value (6.4 mEq/l) was below the mean (7.1

mJQ/l), and only 12% of the samples had values of 10 mEq/l or higher. As

mentioned previously, there was a highly significant negative correlation

between the gill Na+-K+ ATPase and plasma K+ at the time of release ,

and this correlation is shown in Figure 73. If the high Na+-K+ ATPase
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values are indicative of true smolting activity, any stresses related to

this are not indicated by classic plasma K+ responses.

Hematology

Wedemeyer and Chatterton (1971) list normal expected values (for coho

salmon) in fresh water of 32.5 to 52.5% for hematocrits and 6.5 to 9.9

g/l00 ml of blood for hemoglobins. Summarized data for the Willard NFH

coho salmon in 1980 are presented in Table 47.

In 1978, there were three marked release groups of Willard NFH coho

salmon. The first two were within + 6 days of the 1980 release group.

Figure 74 compares hemoglobin profiles of 1978 and 1980 Willard NFH

coho salmon from our samplings. Note that at the times of release, means

and standard deviations for both years were quite similar. However, when we

compare profiles of hematocrits, there was a substantial difference (Figure

751, and mean values at the time of release in 1980 were 26% higher than

peak mean value in 1978. Some of this differential may be due to transport

stresses in 1978. We indicated that between 9 and 18% of the fish in the

first two release samples in 1978 had hematocrits above the expected high

values published by Wedemeyer and Chatterton (1971). In 1980, 68% of the

samples had hematocrits above the expected value and even the mean was

above the expected high. We also indicated (in 1978) that between 6 and

10% of the first two release groups had hematocrits below the expected low

value. In 1980, only 3.4% of the fish had low hematocrits at release,

which indicates that only a small number of fish could be classed as having

a low health index. This large proportion of fish with high hematocrits at

release time my be an indication of extreme water loss associated with

smoltification. As was previously mentioned, there was a significant
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positive correlation between pooled hematocrit and gill Na+-K+ ATPase

values at the time of release in 1980 (Figure 76). Furthermore, there were'

no samples with hematocrits above the expected high value (52.5%) on

5 March 1980 and only 17% on 2 April.

The mean cell hemoglobin concentration (MCHC) had actually declined by

the time of release, which is another indication that the fish were

probably not stressed. However, even though high hematocrit values are

generally not considered as indications of stress, the possibility of

extreme hemoconcentration may be cause for concern. As the fish enter

seawater, there is a further reduction in body water from osmosis.

IFAT-BKD

Specimens of Willard NFH coho salmon from the 3 March and 5 May

sampling periods were examined for the presence of BKD organisms by the

IFAT.

Only four specimens (6.7%) were found positive for BKD on 3 March, all

in the posterior kidney, and all of very Light intensity. Only one

specimen (1.7%) was found positive for BKD on 5 May, and this was of

moderate intensity (posterior kidney only). This is a Low rate of

infection in comparison to the 15-16X of samples positive for BKD at

comparable release times in 1978. These data, plus the absence of any

samples with extremely Low hematocrits suggest an improved state of health

over the 1978 releases.

Histopathology

A summary of pathological conditions observed is presented in

Table 48. For comparative purposes, these data are further summarized with

data from other hatcheries in Table 9.
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Table 48.--Pathological  conditions observed in 1980 Wi llard Hatchery coho salmon and their
percentage of incidence.l/

Organ Period 1 .
Incidence (%)

Period 2 Period 3
and (severity)!?/ (severity)

pathology
(severity)

I II III total I II III total I II III total

63.3 0 0 63.3 46.7 0 0 46.7 78.3 0 0 78.3

80.0 16.7 0 96.7 66.7 16.7 0 83.3 41.7 58.3 0 100.0

Eye

skeletal muscle
lesions

Gills

increased
numbers of
lymphocytes

epithelial cell
formation 63.3 11.7 0

lymphatic
telangiectasis
of secondary 1.7 0 0

vascular
telangiectasis
of secondary
lamellae 21.7 1.7 0

Olfactory sac

focal mononuclear
cell infiltration 78.3 20.0 0

75.0

1.7

23.4 6.7 0 0 6.7 3.3 0 0 3.3

41.7 3.3 0 45.0 70.0 28.3 0 98.3

10.0 1.7 0 11.7 0 0 0 0

98.3 95.0 5.0 0 100.0 93.3 5.0 0 98.3

a/ Brain tissue was processed and examined for all specimens,
pathology.

and there was no evidence of any

b/ I-recognizable (least severe); II-intermediate; III-severe.-
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In 1980, there were pronounced increases in pathological conditions of

the eyes and gills between the first and last (at release) sampling

periods. There was a doubling and tripling of intermediate (Class II)

severity in several pathological conditions of the gills. By comparison,

in 1978 (at a comparable release time), 40% of the fish had lesions of the

skeletal muscle of the eye, 22% had increased numbers of lymphocytes in the

gills, and 45% showed evidence of epithelial cell formation in the gills.

There was never more than 3.5% of the fish with intermediate (Class II)

severity of any Lesion in 1978. Lesions of the olfactory sac were

consistently high in 1980.

Summary

The serial sampling of Willard NFH coho salmon in 1980 indicated that

gill Na'-K+ ATPase profiles were spatially identical to those collected

in 1978, and that releases were in accord with a timely peak. High

Na+-K+ ATPase values were seen in 50-60% of the samples at the time of

release.

The general health of the fish was good, with very Little evidence of

latent BKD or clinical evidence of anemia or border-line anemia. A very

high proportion (68%) of the samples had excessively high hematocrits at

release, possibly due to hemoconcentration. This could have posed problems

if the fish reached the high salinities in the ocean in this state.

Increases in the frequency and severity of certain Lesions of the eyes

and gills at the time of release are difficult to evaluate as a possible

detriment to the overall health picture at this time.
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APPENDIX A

A quick reference chart to determine the calendar date (for year 1980)
from the number of days past 1 January 1980 (days>Jal).

Number of days pas t
1 January 1980

5
10
15

Calendar date

5 January
10 January
15 January

20 20 January
25 25 January
30 30 January

35 4 February
40 9 February
45 14 February
50 19 February
55 24 Februarv
60 29 February

65
70
-lc

5 March
10 March
15 March
20 Narch
25 March
30 Elarch

110 19 April
115 24 April
120 29 Anril

125 4 ?lay
130 9 May
135 14 Mav
140 19 May
145 24 May
150 29 May

155 3 June
160 8 June
165 13 June
170 18 June
175 23 June
180 28 June
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APPENDIX A.--cont.

N u m b e r  o f  d a y s  p a s t
1 January 1980 Calendar date

1 8 5

190
195
200
205
210

3  J u l y
8 July
13 July
18 July
23 July
28 July

215 3 August
220 7 August
225 12 August
230 17 August
235 22 August
240 27 August


